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REPOET  OE  THE  CHIEE  SIGNAL  OFEICER. 


SiaNAii  Office,  Wab  Department, 

Washington  City,  October  1, 1890. 

Honorable  Bedfielb  Pbogtob, 

Secretary  of  War: 

Sib  :  I  have  the  honor  to  submit  for  the  fisc<il  year  ending  June  30, 
1890,  the  annual  report  of  the  operations  of  the  Signal  Gprps. 

DIVISION   OF  MILITABY  SIGNALING. 

The  full  and  complete  report  of  1st  Lieutenant  Bichard  E.  Thompson, 
6th  Infantry,  Signal  Officer  (Appendix  No.  1),  sets  forth  the  condition 
of  military  signaling  in  the  Army. 

The  Chief  Signal  Officer  is  gratified  to  report  a  decided  improve- 
ment in  the  condition  and  efficiency  of  the  Army  as  regards  signal 
practice,  which  results  from  several  causes,  tbe  most  potent  being  the 
reversion  of  the  policy  regarding  signal  practice  which  previously 
obtained,  under  orders,  every  mouth  of  the  year,  but  which  is  now 
confined  to  two  mouths  selected  by  the  Department  Commander,  who 
is  responsible  in  this,  as.  in  other  military  duties,  for  the  efficiency  of 
his  command. 

Signal  practice  has  obtained  to  a  greater  extent  than  for  man}-  years, 
siud  the  records  show  that  no  less  than  393  officers  of  the  line  have 
been  under  instruction  during  the  year,  I'^presenting  for  the  first  time 
in  many  years  every  regiment  of  the  Army.  It  appears  that  forty  per 
centum  of  the  available  officers  of  the  line  are  either  moderately  profi- 
cient in  the  ti*ansmission  of  messages  by  signaling,  or  have  received 
instruction  therein  during  the  past  year.  At  least  fifteen  hundred 
enlisted  men  have  been  instructed,  since  during  both  December  and 
February  nearly  eleven  hundred  enlisted  men  were  engaged  in  practice. 

The  reiterated  recommendations  of  the  Chief  Signal  Officer  regarding 
the  detail  of  an  officer  of  tbe  Signal  Corps  as  instructor  in  signaling 
at  one  of  the  great  schools  of  the  Army  (Fort  Riley,  Kans., )  have  been 
at  length  favorably  viewed,  and  at  an  early  date  instruction  will  begin. 

Unfortunately  no  provision  has  as  yet  been  made  for  protection 
against  the  weather  of  the  valuable  field  telegraph  trains  of  this  Ser- 
vice, but  it  is  hoped  that  during  the  coming  year  they  may  at  least  be 
put  under  cover,  if  not  made  available  for  instruction  purposes. 

This  division  has  continued  its  practice  of  gathering  information  as 
to  plans  and  methods' of  signaling  in  foreign  countries.    The  impor- 
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taace  of  this  work,  iu  connection  with  the  collection  of  kindred  infor- 
mation, has  been  alluded  to  in  a  prior  report  as  proper  and  legitimate 
daties  for  the  Signal  Corps. 

By  far  the  most  important  event  in  connection  with  the  Signal  Corps 
of  the  Army  has  been  the  unprecedented ly  successful  establishment 
and  maintenance  of  an  elaborate  system  of  heliograph  signaling  in  the 
Department  of  Arizona.  The  credit  for  this  work  deservedly  belongs 
io  Assistant  Adjutant  General  William  J.  Yolkmar,  who  in  addition  to 
his  staff  duties,  voluntarily  assumed  those  of  the  Chief  Signal  Officer  of 
the  Department.  Major  Yolkmar  undertook  the  task  of  -practically 
testing  the  scheme  of  covering^  with  an  inter-related  system  of  helio 
graph  stations,  such  parts  of  his  department  as  were  of  especial  mili- 
tary importance.  Such  excellent  judgment,  marked  energy,  and 
concerted  action  characterized  Major  Volkmar's  orders  and  operations 
as  made  this  system  successful  far  beyond  reasonable  expectations. 
The  value  of  this  work  is  not  ephemeral,  since  it  consisted  not  alone 
in  testing  the  applicability  of  the  heliograph  system  as  a  valuable  sup- 
plement to  military  movements  in  the  field,  but  also  accumulated,  in  a 
graphic  and  permanent  form,  a  detailed  knowledge  of  the  physical 
conditions  of  Arizona,  which  will  be  valuable  in  all  future  military 
movements  or  operations  in  that  territory. 

Preliminary  practice,  under  Major  Volkmar's  supervision,  was  had 
from  April  Ist  to  10th,  1890,  which  resulted  in  the  elimination  of  un 
necessary  intermediate  stations,  and  rendered  practicable  the  estab- 
lishment of  others  of  greater  importance,  thus  materially  extending  the 
system.  Concerted  practice  took  place  from  May  1st  to  May  15th^ 
1890,  and  in  view  of  its  great  importance  to  his  Corps,  the  Chief  Signal 
Officer  during  this  period  visited  southeastern  Arizona  and  southwest- 
ern New  Mexico,  and  upon  the  summit  of  Bowie  Peak  was  in  commu- 
nication with  six  different  heliograph  stations,  distant  from  twenty  to 
seventy-five  miles  in  a  straight  line,  or  from  thirty  to  one  hundred  miles 
by  road.  In  view  of  the  importance  of  this  work  aB  many  holographs 
as  could  be  spared,  without  detriment  to  other  departments,  were  assem- 
bled under  Major  Volkmar's  charge. 

About  two  thousand  miles  of  heliograph  lines  were  operated.  Thirty 
three  officers  and  one  hundred  and  twenty-nine  enlisted  men  and  opera- 
tors took  part  in  this  remarkable  practice,  during  which  nearly  four 
thousand  messages  and  about  one  hundred  thousand  words  were  ex- 
changed. The  regular  transmission  and  interchange  of  messages  were 
had  over  greater  ranges  than  have  ever  before  been  known  in  any  mili- 
tary practice,  or  indeed  by  any  methods.  Previously  seventy-five 
miles  constituted  an  extreme  range  for  military  heliograph  work,  but 
in  this  practice  messages  were  successfully  sent  and  answered  over 
ranges,  respectively,  of  eighty -five,  eighty -eight,  ninety -five,  and  com- 
munication had  at  one  hundred  and  twenty-five  miles. 

In  connection  with  the  heliograph  practice  in  Arizona,  the  Chief 
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Signal  Officer  feels  it  proper  to  mention  Captain  C.  H.  Murray,  it-h 
Cavalry,  for  the  executive  ability  shown  in  the  arrangement  and  per- 
formance of  this  novel  duty;  for  his  practical  skill  in  devising  means 
for  replacing  unserviceable  parts  of  instruments;  and  for  his  personal 
participation  in  the  transmission  of  signals  a  distance  of  125  miles. 
The  following  officers  should  be  mentioned  as  associated  in  difficult 
and  successful  practice  at  extraordinary  distances,  viz.,  Lien  tenants 
George  B.  Duncan,  9th  Infantry,  EobertD.  Eead,  jr.,  10th  Cavalry, 
Heury  0.  Keene,  jr.,  24th  Infantry  —  85  miles  from  Baker's  Butte  to 
Pinal  Mountain;  Lieutenants  W.  H.  Hart,  4th  Cavalry,  A.  L.  Dade, 
10th  Cavalry,  andM.  R.  Peterson,  10th  Infantry,  for  90-mile  flash, 
from  Graham  to  Huachuca;  Jjieutenants  Carl  Beichmann,  24th  In- 
fantry, Peterson,  10th  Infantry,  Dade  and  George  E.  Stockle,  10th 
Cavalry,  between  Lookout  Peak  and  Graham,  100  miles;  Lieutenants 
Wittenmyer,  9th  Infantry,  Dade,  10th  Cavalry,  and  Peterson,  10th  In- 
fantr3%  for  the  extraordinary  inter-communication  between  Mount  Bene 
and  Mount  Graham,  125  miles. 

Lieutenant  Henry  W.  Hovey,  24th  Infantry,  should  be  noticed  for 
the  admirable  and  successful  management,  as  superintendent  of  the 
New  Mexico  division,  of  the  lines  under  his  charge- 
To  Lieutenant  Bead,  10th  Cavalry,  is  due  the  credit  for  great  energy 
and  practical  ingenuity  in  the  establishment  of  the  signal  station  on 
Pinal  Mountain  under  difficulties  of  no  ordinary  character. 

The  longest  distance  at  which  regular  communication  has  before 
been  had  by  heliograph  is  believed  to  be  that  between  the  islands  of 
Mauritius  and  Beunion,  a  distance  of  117  miles.  The  Mauritius- 
Reunion  line  was  a  commercial  one,  with  permanent  apparatus,  cost- 
ing over  $15,000,  and  having  mirrors  which  displaj^ed  upwards  of 
1.200  square  inches  of  reflecting  surface.  These  data  indicate  a  high 
degree  of  skill  in  manufacture  and  of  deftness  in  manipulation,  whereby 
the  extraordinary  work  of  the  Mauritius-Beunion  heliograph  line  has 
been  surpassed  by  the  simple  and  portable  Signal  Service  heliograph, 
in  use  in  the  American  Army,  which  exposes  barelj^  20  square  inches 
of  reflecting  surface,  costs  $40,  and  proves  to  be  sufficiently  powerful 
for  communication  at  a  distance  of  125  miles. 

THE  UNITED  STATES  TELEGRAPH  LINES. 

The  reiwrt  of  2d  Lieutenant  James  Mitchell,  Signal  Corps,  in  charge 
of  the  Telegraph  Division  of  this  office,  forms  Appendix  No.  2.  A 
brief  description  of  these  telegraph  lines,  with  changes  during  the  year, 
appears  in  Lieutenant  Mitchell's  exhaustive  report. 

On  June  30,  1890,  there  were  sixty  enlisted  men  of  the  Signal  Corps 
and  eighteen  civilians  on  duty  in  connection  with  military  and  sea- 
coast  telegraph  lines.  Besides  regular  telegraph  duties  these  men  are 
also  utilized  in  connection  with  meteorological  work.  The  Chief  Signal 
Officer  feels  called  upon  to  especially  commend  the  satisfactory  service 
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performed  by  the  enlisted  men  and  civilians  engaged  on  this  trying 
daty.  These  lines,  remote  from  centres  of  civilization,  entail  long  and 
monotonous  hours  of  duty  every  day  of  the  year ^  including  Sundays,  as 
well  as  more  or  less  physical  hardships.  The  character  of  the  work 
also  renders  necessary  frequent  exposure  to  severe  weather  during  ex- 
tended line  trips  to  keep  up  communication,  often  endangering  health 
and  occasionally  even  life.  The  Chief  Signal  OflQcer,  as  far  as  has  been 
practicable  in  public  interests,  has  reduced  the  hours  of  labor  and 
ameliorated  the  condition  of  these  operators,  which,  unfortunately, 
must  be  hard,  and,  still  more  unfortunately  under  present  conditions, 
lK)orly  remunerated. 

At  the  end  of  the  year  1,337  miles  of  military  telegraph  lines  and 
621  miles  of  sea-coast  lines  were  in  operation.  Lines  have  invariably 
been  discontinued  wherever  the  extension  of  railway  and  commercial 
lines  permit,  or  in  other  instances  where  the  lines  were  no  longer  re- 
quired for  strictly  military  purposes.  There  has  been  a  total  decrease 
of  278  miles  in  the  length  of  the  military  lines,  while  the  sea-coast 
system  has  undergone  no  change.  Two  new  lines,  aggregating  87 
miles  in  length,  were  constructed  dunng  the  year,  in  order  to  obtain 
shorter  and  more  Reliable  outlets  for  existing  military  lines.  In  such 
cases  the  material  was  recovered  from  old  lines  and  the  work  of  con- 
struction done  by  troops. 

The  condition  of  the  sea-coast  line  between  Port  Angeles  and  Tatoosh 
Island  or  Cape  Flattery,  which  is  of  great  importance  to  the  maritime 
interests  of  the  Pacific  coast,  is  unchanged,  and  it  yet  remains  inopera- 
tive. In  view  of  the  prospective  appropriation  for  its  repair,  the  station 
on  Tatoosh  Island  has  been  maintained  under  charge  of  a  keei^er,  at  a 
small  expense,  pending  the  late  favorable  action  of  Congress. 

The  entire  government  receipts  from  the  telegraph  lines  during  the 
past  year  aggregated  $7,187.24.  These  moneys,  together  with  those 
arising  from  the  sales  of  abandoned  lines,  have  been  deposited  in  the 
United  States  Treasury.  In  addition  to  government  tolls  the  oflBcers 
and  operators  have  received  and  turned  over  the  sum  of  $11,612.85, 
being  moneys  received  for  tolls  over  connecting  commercial  lines. 

CORRESPONDENCE  DIVISION. 

In  Appendix  No.  3  appears  the  report  on  the  very  extended  corres- 
pondence of  this  office,  involving  the  receipt  and  sending  of  more 
than  360,000  communications  apart  from  bulletins,  weather  maps,  etc. 
As  parts  of  this  appendix  are  lists  showing  offices  inspected,  stations 
recommended  for  occupancy,  and  names  of  meteorological  committees 
which  have  conferred  with  this  Bureau  during  the  year. 

Whenever  the  exigences  of  current  business  would  permit,  time  has 
been  given  to  completing  transcripts  of  the  military  history  of  every 
officer  and  man  who  served  in  the  Signal  Corps  during  the  War  of  the 
Bebellion.    This  work  is  now  in  an  advanced  stage,  and  it  is  believed 
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that  it  will  be  completed  during  the  fiscal  year.  Tlie  great  mass  of 
war  records  is  already  so  methodically  arranged  that  information  in 
case  of  pensions  is  invariably  completed  and  returned  to  the  Adjutant 
General  within  one  working  day. 

The  Chief  Signal  Officer  has  special  pleasure  in  commenpling  the 
zeal,  attentiveness,  and  fidelity  ot  the  clerks  and  other  employes  in 
the  central  office ;  the  occasions  having  been  most  rare  where  inatten- 
tion or  tardiness  have  happened,  and  it  is  believed  that  the  efficiency 
of  the  employes  is  not  exceeded  by  that  of  any  other  Bureau  under  the 
control  of  the  Government.  The  attendance  of  employes  at  the  central 
office  is  most  creditable,  the  average  absence  with  leave  being  27.7 
days,  and  on  account  of  sickness  5.3  days.  The  average  absence,  for 
all  causes,  of  male  employes  was  29.7  days,  and  of  female  employes 
33.4  days. 

METEOBOLOGICAL  WOEK. 

The  civil  duties  imposed  upon  the  Honorable  Secretary  of  War  by 
Joint  Resolution  of  February  9, 1870,  and  which  by  his  orders  have  de- 
volved upon  the  Chief  Signal  Officer  of  the  Army,  are  yearly  growing 
in  extent  and  importance.  Apart  from  the  weather  forecasts,  which 
are  voluntary,  not  being  ijrovided  for  by  law,  these  duties  involve  by 
specific  legislation  the  issuing  of  storm-warnings;  the  display  on  the 
northern  lakes,  the  Gulf,  and  sea  coast  of  signals  for  the  benefit  of 
maritime  interests;  the  gauging  and  reporting  of  rivers  for  navigation 
and  flood- warnings;  the  maintenance  and  operation  of  sea-coa^t  lines 
for  the  benefit  of  commerce  and  navigation,  and  of  interior  military 
lines  for  the  use  of  the  Army;  the  reporting  of  temperature  and  rain- 
fall conditions  for  the  cotton  interests;  the  display  of  frost  warnings 
in  the  interest  of  agriculture,  and  the  notification  of  advancing  cold- 
waves  for  the  benefit  of  the  general  public. 

WEATHER  FOBEGASTS  AND  STORM  WARNINGS. 

The  issue  of  these  warnings  has  been  uninterrupted  throughout  the 
year,  and  such  promptness  and  regularity  have  only  been  possible 
through  the  continuity  and  efficiency  of  telegraph  service  on  the  part 
of  the  Western  Union  and  other  telegraph  companies. 

It  is  justice  to  the  Western  Union  Telegraph  Company  (which  cor- 
poration necessarily  handles  nine-tenths  of  the  weather  reports  of  this 
Service),  to  state  that  the  pending  controversy,  regarding  rates  of  com- 
pensation, ha^  in  no  wise  affected  the  efficiency  of  the  telegraph  ser- 
vice rendered.  In  no  previous  year  have  the  circuit  reports  been 
handled  with  more  accuracy  and  speed  than  at  present,  while  the 
special  service — save  in  very  few  cases,  which  have  received  the  prompt 
attention  of  the  executive  officials  of  the  company — has  been  most  sat- 
isfactory and  free  from  undue  delays.  In  cases  of  serious  interrup- 
tions to  telegraph  circuits,  the  company  has  invariably  placed  its  last 
wire  at  the  service  of  this  Bureau. 
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Applications  asking  special  predictions  for  cities  have  been  so  na- 
mei*ous  that  the  overworked  Forecast  Official  cannot  furnish  such 
regularly.  The  office,  however,  always  furnishes  special  predictions 
on  occasions  of  public  importance.  The  impossibility  of  accomplishing 
additional  work  of  this  character  is  shown  by  the  fact  that  the  average 
time  at  the  disposal  of  the  Forecast  Official  for  the  discussion  and 
formal  issue  of  weather  forecasts  is  forty-nine  minutes  in  the  morning 
and  fifteen  minutes  more  at  night. 

The  duties  devolving  personally  on  the  Forecast  Official,  in  this 
limited  time,  permit  less  than  one-quarter  of  a  minute  on  an  average 
in  which  to  decide,  formulate,  and  express  a  forecast  for  a  state  or  dis- 
trict regarding  any  meteorological  element,  such  as  weather,  tempera- 
ture, and  wind.  Barely  fan  a  minute  be  given  to  the  predictions  for 
any  particular  state  or  district.  This  time  limitation  forbids  for  an 
entire  state  anything  but  a  forecast  of  a  general  character,  while 
again  the  variety  of  weather  conditions  in  large  areas  often  precludes 
the  possibility  of  briefly  announcing  |;hem,  even  in  summarizing  and 
much  less  in  forecasting. 

With  a  view  of  subserving  the  public  interest  by  local  forecasts,  the 
Ohief  Signal  Officer  has  initiated  the  plan  of  permitting  officers  and 
observers  in  charge  of  stations  outside  of  Washington  City  to  make 
local  forecasts  of  weather  and  temperature.  A  conservative  course 
has  been  followed,  and  in  no  case  has  an  officer  or  observer  been  au- 
thorized to  make  such  forecasts  except  on  application  and  with  the 
recommendation  of  the  Stations  Officer.  At  present  the  observers  in 
charge  of  31  stations  are  authorized  to  make  forecasts  both  for  weather 
and  temperature,  and  at  55  others  they  predict  the  weather  only.  This 
plan  has  so  far  been  received  with  general  favor  and  met  with  such 
success  as  to  warrant  the  continuance  and  gradual  extension  of  the 
system.  Observers  issuing  maps  publish,  under  proper  caption,  the 
local  predictions  made  by  themselves,  as  supplementary  to  the  official 
forecast*. 

The  local  press  in  the  great  cities  of  the  country,  and  occasionally 
ill  smaller  places,  has  appreciated  the  public  interest  in  local  forecasts, 
and  has,  in  a  number  of  cases,  employed  a  meteorological  editor  who, 
furnished  with  the  data  of  the  Signal  Service,  has  enlarged  on  the  gen- 
eral synopsis  of  this  Bureau,  and  supplemented  them  by  definite  and 
satisfactory  local  forecasts.  These  meteorological  editors  of  ability 
hiive  put  forth  their  forecasts  not  only  in  an  agreeable  form,  but,  thor- 
oughly familiar  with  local  needs,  in  such  shape  as  local  business  inter- 
ests demanded.  The  value  of  such  supplementary  work  cannot  be 
overestimated,  since  millions  of  readers  of  these  great  metropolitan 
dailies  never  see  the  regular  data  issued  by  this  Service.  Among  the 
many  great  journals  which  so  largely  contributed  climatological  and 
meteorological  data  of  local  interest,  may  be  particularly  mentioned 
the  ''Boston  Globe,"  ''Boston  Herald,"  "  Cincinnati  Commercial-Ga- 
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zette,"  "Chicago  Inter-Ocean,"  "Chicago  Tribune,"  "Detroit  Journal," 
*' Galveston  News,''  '*New  York  Herald,"  *' New  York  Sun,"  **New 
York  Tribune,"  "San  Francisco  Chronicle,"  and  the  "Saint  Louis 
Globe-Democrat." 

The  predictions  from  Blue  Hill  Observatory,  confined  to  Boston  and 
Yiciuity,  have  been  continued  through  the  liberality  of  Mr.  A. 
Lawrence  Botch. 

The  report  upon  the  percentage  of  verification  of  ofScial  forecasts- 
for  twenty-four  hours,  issued  daily  at  8  a.  ra.  and  8  p.  m.,  made  by 
Assistant  Professor  0.  F.  Marvin,  forms  Appendix  No.  4.  As 
has  been  stated  before,  this  professor  is  in  no  way  associated  with 
the  forecast  officials  in  their  special  work,  and  consequently  his  judg- 
ments are  free  from  the  suspicions  of  bias  which  might  have  arisen 
under  the  system  of  verification  formerly  in  vogue. 

The  percentages  of  successful  forecasts  (stated  in  detail  in  Professor 
Marvin's  report)  are  84.4  for  weather,  78.7  for  temperature,  and  82.6 
as  a  general  average.  During  the  year  1,112  storm  signals  have  been 
ordered,  of  which  1,040  have  been  justified  as  to  direction ;  695  justi 
fied  wholly  as  to  velocity,  and  59  partly  as  to  velocity.  The  accuracy 
of  weather  and  temperature  predictions  has  increased  1.7  percent,  over 
the  previous  year;  that  of  storm  signals  remains  practically  the  same 
8.8  last  year,  67.1  per  cent. 

Long  time  forecasts  of  weather  and  temperature  have  been  issued  at 
the  discretion  of  the  forecast  official,  with  successful  percentages  of 
81.6  for  48  hours  and  80.5  for  72  hours.  These  forecasts  are  made  not 
for  small  areas,  but  for  extensive  sections.  Those  for  72  hours  in  ad- 
vance were  somewhat  infrequent,  there  being  but  146  made  during 
the  year;  those  for  48  hours  were  quite  frequent,  and  in  number 
reached  1,833. 

The  following  officers  have  performed  the  difficult  and  arduous  work 
of  forecasting:  Captain  James  Allen,  3d  Cavalry,  during  the  months 
of  September,  December,  and  March ;  Captain  H.  H.  C.  Dunwoody,  4th 
Artillery,  during  August  and  January;  2d  Lieutenant  W.  A.  Glass- 
ford,  Signal  Corps,  during  February  and  May;  Assistant  Professor 
H.  A.  Hazen,  during  October  and  June;  1st  Lieutenant  E.E.  Thomp- 
son, 6th  Infantry,  during  July,  November,  and  April;  2d  Lieutenant 
J.  E.  Maxfield,  Signal  Corps,  for  the  Pacific  coast  region,  during  the 
entire  year.  The  detailed  standing  of  these  officials  api>ears  in  Appen  • 
dix  No-  4.  There  is  a  difference  of  6  per  cent,  between  the  general 
average  of  the  least  successful  (79.8)  and  the  most  successful  (85.8) 
official  in  forecasting  weather  and  temperature.  The  most  success- 
ful forecaster  is  the  official  having  the  longest  experience  in  this  class 
of  work.  As  has  been  pointed  out  in  previous  reports,  special  qualities 
of  mind  are  essential  for  successful  work  of  this  character;  but,  in  ad- 
dition to  natural  aptitude,  experience  is  necessary,  and  it  must  inevit- 
ably follow  in  the  future,  as  it  has  in  the  past,  that  the  introduction 
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of  a  Dew  forecast  official  means  temporarily  a  less  degree  of  success 
than  ordinarily  obtains. 

COLD  WAVES. 

The  Chief  Signal  Officer  pointed  out  in  his  last  annual  report  the 
necessity  whicl^  devolved  upon  him  of  training  some  single  official  in 
the  important  duties  of  forecasting  advancing  cold  waves.  In  view  ot 
the  probable  elimination  at  an  early  date  of  military  features  from  the 
Weather  Bureau,  the  Chief  Signal  Officer  believed  it  incumbent  upon 
him  to  devolve  duties  of  this  and  kindred  character,  as  far  as  might  be 
possible,  upon  the  ci  vilian  assistants  of  the  office.  In  pursuance  of  this 
policy,  Assistant  Professor  Tlionms  Eussell  was  directed  to  investigate 
and  study  this  class  of  phenomena,  and  shortly  after,  eighteen  months 
since,  was  assigned  to  the  work  of  forecasting.  As  was  stated  last  year, 
the  premature  assignment  of  Professor  Eussell  to  this  duty  was  necessi- 
tated by  the  unexpected  loss  of  an  experienced  official. 

It  inevitably  followed  that  Professor  Eussell  worked  at  a  considerable 
disadvantage  from  lack  of  practice.  He  also  labored  under  the  further 
disadvantage  of  restrictions  thrown  by  the  present  Chief  Signal  Officer 
around  these  predictions,  which  had  formerly  been  treated  and  verified 
with  a  leniency  too  great  for  the  public  good.  In  prior  years  percent- 
ages had  been  dependent  only  upon  cold  waves  actuall}'  forecast. 
Besides,  no  time  limit  was  placed  upon  the  display,  and  no  penalty 
was  attached  to  failure  to  forecast,  no  matter  how  severe  or  sudden 
the  cold,  nor  how  serious  the  resulting  damage. 

The  percentage  of  verifications  (66)  relates  to  the  cold  waves  forecast 
under  the  present  rigid  rules,  but  to  this  might  be  added,  in  comparison 
with  preceding  years,  14  per  cent,  of  other  waves  which  would  have 
been  verified  under  previous  rules.  Professor  Eussell  ha«  pursued  a 
most  cautious  course  in  displays,  as  cold  waves  occurred,  counting  the 
stations  separately,  on  723  occasions,  yet  there  were  but  fourteen  oc- 
casions  on  which  severe  cold  waves  were  not  predicted ;  in  other  words, 
98  per  cent,  of  all  the  important  waves  were  forecast.  Meantime  Pro- 
fessor Eussell  has  devoted  his  energies  to  an  elaborate  investigation  of 
the  scientific  methods  essential  to  the  successful  prediction  of  cold 
waves,  which  study,  being  of  great  value  and  bearing  upon  current 
work,  forms  part  of  his  report.  These  investigations  terminated  too 
late  to  be  of  practical  benefit  in  the  work  of  the  past  winter,  but  it  is 
believed  that  they  furnish  a  groundwork  upon  which  Professor  Eussell 
will  rear  a  superstructure  of  successful  predictions  satisfactory  to  the 
country  at  large.    This  report  forms  Appendix  No.  5. 

EIVEES  AND  FLOODS. 

Professor  Thomas  Eussell,  in  addition  to  his  duties  as  forecast  offi- 
cial of  cold  waves,  has  remained  in  charge  of  the  Eiver  and  Flood  Ser- 
vice of  this  Bureau.    His  report,  which  forms  Appendix  No.  6,  is  not 
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only  of  interest  in  connection  with  the  current  work  of  the  past  year, 
bnt  also  for  its  general  account  of  the  disastrous  floods  which  devastated 
many  thousand  square  miles  of  the  lower  Mississippi  valley  during  the 
spring  of  1890. 

Observations  of  the  heights  of  rivers  are  made  at  seventy-one  places 
on  twenty-seven  rivers,  and,  as  supplementary  to  these,  forty-seven 
rainfall  stations,  located  near  the  headwaters  of  the  most  important 
tributaries  of  the  great  rivers,  have  been  maintained,  speedy  and 
accurate  information  of  heavy  rainfalls  at  these  points  beiiiig  essential 
to  the  successful  forecasting  of  river  rises. 

The  very  limited  appropriations  at  the  disposal  of  this  Bureau  have 
prevented  the  establishment  of  additional  stations,  except  of  the  river 
at  Terre  Haute,  on  the  Wabash,  and  of  rainfall  at  Rome,  Ga.,  and  at 
Arkadelphia,  Ark.  The  appropriations  have  been  insuflScient  to  main- 
tain daily  observations  throughout  the  year  at  important  stations  or 
to  enable  reports  to  be  inade  for  any  portion  of  the  year  for  the  benefit 
of  the  various  communities  along  the  Alabama,  Coosa,  Tallapoosa,  and 
Savannah  rivers.  The  increase  of  S4,000  in  the  appropriation  for  the 
coming  fiscal  year  will  enable  ttie  Chief  Signal  OfiBcer  to  establish  nine 
additional  river  stations  in  Alabama  and  Georgia,  and  possibly  one  or 
two  at  important  points  on  the  upper  tributaries  of  the  Ohio,  which 
river  is  the  most  injportant  in  its  bearings  upon  the  great  and  recurring 
floods  which  bring  such  disaster  to  the  central  and  lower  Mississippi 
valleys.  Even  with  the  establishment  of  these  additional  stations, 
there  is  situated  below  Saint  Louis,  Cincfnnati,  Chattanooga,  and 
Nashville,  a  drainage  area  of  over  one  hundred  thousand  square  miles, 
whose  waters  pass  Cairo  without  this  office,  under  the  present  system^ 
being  able  to  determine  their  amount  in  advance. 

Professor  Russell  ^las  investigated  the  river  data  of  the  past  year 
with  a  view  to  predicting  stages  of  water  by  systematic  method.  The 
results  of  his  investigations  regarding  the  Ohio  River,  which  is  the 
great  flood  gatherer,  appear  in  Appendix  No.  6. 

He  strongly  urges  an  additional  appropriation  of  $4,000  for  the  pur- 
pose of  gauging  the  Ohio  River  at  various  points.  In  no  other  way 
will  it  be  possible  to  accurately  determine  the  effect  upon  the  river 
produced  bj'^  any  given  rainfall  in  any  given  drainage  basin. 

The  great  event  of  the  year,  in  connection  with  the  river  service, 
was  the  flood  of  March,  April,  and  May  in  the  lower  Mississippi  valley. 
The  warnings  issued  in  advance  of  these  very  destructive  floods 
were  ample  as  to  time,  beneficial  as  to  results,  and,  in  all,  most  credit- 
able to  Professor  Russell's  judgment.  As  early  as  March  1, 1890,  a 
warning  bulletin  was  issued  to  the  public,  setting  forth  that  the  river 
at  Yicksburg  would  bj'  March  14th  rise  to  forty-nine  feet,  a  point  which 
approximates  the  highest  water  that  ever  prevailed.  On  March  15th, 
one  day  later  than  was  forecast,  the  Mississippi  River  attained  at 
Vicksburg  a  height  within  twelve  inches  of  that  predicted,  and  would 
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doubtless  have  reached  the  point  forecast  but  for  crevasses  above 
Vicksburg.  On  March  12th  a  general  flood  warning  was  issued,  stat- 
ing* that  the  lower  Mississippi  valley  would  be  inundated  by  a  flood 
closely  approximating  the  greatest- overflow  that  had  ever  occurred, 
and  all  parties  interested  were  warned  to  secure,  movable  property 
above  the  highest  flood  stages  known  in  the  various  localities.  Similar 
special  and  urgent  bulletins  were  issued  on  the  27th  of  March  and 
April  7, 1890,  which  warnings  were,  amply  confirmed  by  the  excessive 
and  disasl^us  floods  which  followed.  Despite  the  enormous  areas 
(aggregating  nearly  a  quarter  of  a  million  square  miles),  over  which 
the  rainfall  had  to  be  estimated,  the  flood  predictions  of  this  year, 
relative  to  the  Mississippi,  attained  an  accuracy  approximate  to  the 
flood  forecasts  for  the  Seine  at  Paris,  France.  It  must  be  remembered, 
however,  that  the  predictions  for  Paris  ]>ertain  to  a  drainage  basin  of 
only  twenty  thousand  square  miles,  while  those  for  the  lower  Missis- 
sippi covered  over  one  and  a  quarter  million  square  miles.  Again, 
predictions  for  Paris  are  three  days  in  advance,  while  those  for  certain 
portions  of  the  Mississippi  were  made  from  seven  to  fourteen  days 
prior  to  the  dangeix>us  and  destructive  stages.  The  data  available 
in  the  Seine  drainage  basin  is  about  ten  times  as  much  as  those  which 
obtain  in  the  drainage  area  above  Cincinnati,  which  drainage  area  is 
four  times  greater  than  that  of  the  Seine.  With  the  establishment  of 
a  small  number  of  additional  stations  and  a  proper  fnvestigation  of  the 
river  outflow  in  relation  to  gauge  readings,  Professor  Eussell  expresses 
the  opinion  that  as  accurate  predictions  three  days  in  advance  could 
be  made  for  Cincinnati  as  are  now  made  at  Paris. 

HURRICANE  REPORTS. 

The  Chief  Signal  Officer  regrets  to  say  that  the  weather  reports  from 
the  West  Indies,  resumed  in  1889,  through  the  courtesy  and  energy  of 
Mr.  Luis  E.  Carbonnelly,  Director  of  the  Naval  Observatory  at  Havana, 
Cuba,  have  not  been  as  regular  and  full  as  could  be  desired.  The 
service  was  largely  voluntary,  and  the  failure  in  this  respect  is  in  no 
way  due  to  Mr.  Carbonnelly,  whose  energy  and  interest  in  this  work 
continue  unabated.  The  Chief  Signal  Officer  deemed  it  necessary, 
however,  to  take  steps  calculated  to  secure  the  prompt  receipt,  during 
the  hurricane  season  at  least,  of  reliable  reports  from  observers  in  the 
West  Indies  at  four  of  the  most  important  points  formerly  occupied 
by  this  Service.  Near  the  end  of  the  flvscal  year,  the  Chief  Signal 
Officer  was  happily  assured  of  the  valuable  co-operation  ot  the  Secre- 
tary of  State,  from  whom  assurances  have  been  received  that  the 
United  States  consular  officers  at  these  points  will  take  an  active  in- 
terest in  securing  reliable  and  faithful  observers.  Such  other  steps 
have  been  taken  as  will  insure  in  this  and  coming  seasons  the  receipt 
of  these  invaluable  reports. 

Father  Benito  Vines,  S.  J.,  Havana,  Cuba,  has  continued  to  furnish. 
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at  an  expense  to  this  office  for  telegrams  only,  his  opinions  and  predic- 
tions relative  to  the  position  and  the  probable  advanoe  of  hurricanes. 
The  Ohief  Signal  Officer  is  pleased  to  be  able  to  acknowledge  the 
ability  and  zeal  of  Father  Vifies,  who  has  always,  freely  and  gratuit* 
OQsly,  placed  his  valuable  services  at  the  disposal  of  this  office. 

WEATHER  MAPS. 

The  methods  of  dissemination  of  meteorological  information ,  whether 
in  the  shape  of  forecasts,  semi-daily  charts,  regular  or  special  bulle- 
tins, are,  in  the  order  of  importance,  as  follows :  1st,  through  the  Asso- 
ciated Press  and  other  press  organizations ;  2d,  through  the  metropoli- 
tan newspapers;  3d,  by  distribution  from  selected  service  stations,  by 
telephone,  special  messenger  or  mail;  4th,  by  telegraph  to  the  super- 
intendents of  important  railways,  who  in  turn  distribute  them  by  tele- 
graph to  their  operators  that  they  may  be  posted  for  the  public  bene- 
fit; and  5th,  by  telegraph  to  voluntary  stations  displaying  weather 
signals. 

Duriug  the  past  few  years  the  relations  of  the  Weather  Bureau  to 
the  general  public  have  materially  changed,  and,  happily,  in  a  direction 
indicating  not  only  the  interest  of  the  American  people  in  this  work, 
but  also  that  characteristically  high  degree  of  intelligence  which  has  en- 
abled hundreds  of  thousands  to  acquire  rapidly  and  incidentally  a  cursory 
knowledge  of  the  principles  of  weather  forecasting,  a  scien<3e  which 
was  for  a  long  time  assumed  to  be  beyond  the  ken  of  ordinary  folk. 
In  the  early  years  of  the  existence  of  this  Bureau  forecasts  were  re- 
ceived with  a  disiK>sition  to  implicitcontideuce  and  a  leniency  of  judg- 
ment, which,  fortunately  for  the  future  of  meteorology,  no  longer  ex- 
ist. In  noting  the  remarkable  advances  made  by  the  general  public 
in  knowledge  of  meteorology,  the  Chief  Signal  Officer  has  attempted 
to  supplement  that  indisi)ensable  adjunct  as  a  means  of  information — 
the  press  of  the  country — by  disseminating  in  graphic  and  simple  man- 
ner the  detailed  meteorological  information  collected  by  this  Bureau. 
In  undertaking  this  work  it  was  early  evident  to  the  Chief  Signal 
Officer  that  the  legitimate  demands  of  the  public,  with  the  present 
limited  force  and  appropriations,  could  only  be  met  by  improved 
methods  of  duplication,  and  by  a  most  economical  administration.  A 
policy  was  adopted,  wherein  liberality  in  some  directions  and  restriction 
in  otlhers  have  been  combined  as  far  as  possible.  Officers  and  observers 
have  been  invariably  enjoined  in  distributing  these  maps  to  avoid 
carefully  any  encouragement  of  the  idea  that  these  maps  could  be  had 
by  every  applicant.  The  Chief  Signal  Officer  believed  that  if  the  cir- 
culation of  these  maps  was  stimulated,  such  course  would  eventually 
prove  not  only  an  embarrassment  to  the  Service,  but  a  decided  injury 
to  it;  as  it  was  evident  that  at  an  early  period  the  maps  issued  to 
parties  who  originally  sought  them  for  curiosity  or  a  transient  personal 
interest,  would,  when  a  genuine  interest  had  been  awakened,  be  neces- 
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sarily  discontiiiueil  in  order  to  supply  the  growing  demands  of  con- 
siderable bodies  of  the  general  public.  The  methods  followed  in  their 
preparation  and  issue  are  described  in.  detail  in  the  report  of  the  Sta- 
tions Officer,  Appendix  Ko.  7. 

The  rule  was  adopted  of  regularly  displaying  the  8  a.  m.  and  8  p.  m. 
maps,  posted  in  neat  and  appropriate  frames  furnished  by  thisBureau, 
at  every  post-ofl&ce  in  towns  of  considerable  size  which  could  be  reachjBd 
hy  letter  mail  in  seasonable  time  from  the  great  railway  centres  of  the 
country,  such  as  Atlanta,  Boston,  Chicago,  Cincinnati,  Oalvestoji, 
Harrisburg,  Kansas  City,  Louisville,  Nashville,  New  Orleans,  New 
York  City,  Philadelphia,  Saint  Louis,  Saint  Paul,  and  Sioux  City.  In 
addition  to  displays  thus  made  in  prominent  post-o£Qces,  these  daily 
charts  are  distributed  gratuitously  to  boards  of  trade,  chambers  of 
commerce,  prominent  clubs,  posted  in  the  principal  public  buildings, 
and  also  at  such  establishments  as  from  the  character  of  their  business 
would  largely  profit  by  them,  or,  as  from  their  location,  are  frequented 
by  a  considerable  number  of  the  general  public. 

There  have  also  been  frequent  applications,  which  have  always  been 
favorably  considered,  for  weather  charts  by  professors  and  instructors 
in  colleges  and  high  schools  of  the  country,  where  they  have  been  used 
as  current  and  striking  illustrations  of  nature's  forces,  which  thus  im^ 
press  upon  the  youth  of  the  nation  the  importance  of  intelligent  study 
of  physical  phenomena.  In  some  schools  daily  weather  forecasts  have 
been  regularly  made,  based  on  Xhe  data  of  current  charts,  so  that  the 
minds  of  the  pupils  have  been  more  strictly  impressed  with  this  sub- 
ject than  could  have  been  otherwise  possible.  The  use  of  weather 
maps  as  supplementary  textbooks  has  neither  been  local  nor  limited, 
as  is  evident  from  the  fact  that  during  an  appropriate  part  of  the  school 
season  these  charts  have  been  regularly  and  gratuitously  furnished  at 
29  stations  to  130  colleges,  schools,  and  educational  institutions. 

The  demands  for  daily  weather  charts  have  increased  to  a  remark- 
able extent,  and  their  use  for  general  display  and  in  public  institutions 
is  so  great  that  only  in  rare  and  exceptional  cases  has  this  Bureau 
found  it  possible  to  issue  these. maps  gratuitously,  despite  the  fact  that 
hundreds  have  applied  for  them.  In  218  cases  where  the  interests  of 
the  pubf ic  service  have  prevented  the  Chief  Signal  Officer  from  issu- 
ing them  for  personal  reasons,  the  parties  have  deemed  them  of  suffi- 
cient importance  to  ask  for  them  under  Section  227,  B.  S.,  authorizing 
their  sale,  and  to  pay  the  subscription  price  of  2  cents  per  copy. 

The  astonishing  growth  of  the  Service  in  this  respect,  though  strictly 
healthy  and  in  no  way  fictitiously  fostered,  is  evidenced  by  the  follow- 
ing statement  showing  the  copies  of  weather  maps  issued: 

1886-87         1887-"88         1888-'89         1889-'90 

At  Washington  City 126,000  117,750  175,000  193,140 

At  other  stations 62,248  274.411  683,947  876,894 

Total  178,248  892,161  858,947        1,069,534 
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It  will  be  noted  that  the  increase  in  the  issue  of  these  maps  at  Wash- 
ington City,  the  central  office,  has  been  53  per  cent,  in  the  past  four 
years,  an  increase  which  corresponds  closely  to  the  general  increase 
in  the  general  work  of  the  Bureau  for  the  same  period,  being  about  11 
per  cent,  annually.  But  outside  of  Washington  City  it  is  remarked 
that  the  number  of  maps  issued  has  increased  from  52,248  in  the  fiscal 
year  ending  June  30,  1887,  to  876,394  in  the  fiscal  year  ending  June 
30, 1800,  or  nearly  seventeen  times  as  uiany  iti  1890  as  in  1887.  As 
indicating  the  change  in  distribution,  it  appears  that  the  relation  of 
maps  issued  at  stations  outside  of  Washington  City  to  the  whole  issue 
has  increased  from  35  per  cent,  in  1887  to  82  per  cent,  in  1890. 

WEATHGB   SIGNALS. 

*  There  were  i;018  points,  not  within  timely  resich  of.  maps  by  mail, 
supplied  with  telegraphic  forecasts  and  warnings  at  Government  ex- 
pense at  the  end  of  the  year;  the  displaymen  continuing,  as  before, 
to  furnish  the  flags,  pay  for  the  delivery  of  the  telegrams^  and  make 
the  display  of  the  signals  for  the  public  be^iefit  without  expense  to  this 
Service,  thus  furnishing  conclusive  evidence  of  the  value  generally 
attached  to  these  displays. 

REVIEW  DIVISION. 

The  Monthly  Weather  Review  has  been  regularly  published.  It  not 
only  serves  the  legal  purpose  of  tabulating  the  curreiit  observations 
so  as  to  enable  the  officials  of  this.  Service  to  preserve  and  discuss  the 
meteorological  data  from  month  to  month  in  connection  with  the  cur- 
rent work  of  the  Service,  but  it  also  ans^^ers  as  the  means  of  acknowl- 
edging and  preserving  the  observations  of  the  volunteer  meteorol* 
ogists  of  the  country,  who  receive  no  other  return. 

In  addition  to  the  regular  meteorological  data,  the  Be  view  contains 
descriptive  accounts  of  the  West  India  hurricane  of  September  3  to 
12, 1889,  the  tornadoes  of  March  27, 1890,  and  an  annual  mean  sum- 
mary of  the  climatological  conditions  of  the  United  States,  for  1889, 
as  regards  pressure,  rainfall,  temperature,  and  winds. 

This  office  has  also  continued,  as  in  the  interest  not  only  of  the 
world  in  general  but  of  the  meteorological  work  of  tbe  United  States, 
the  task  of  tabulating  and  charting  such  meteorological  data  as  are 
received  from  international  cooperating  services  and  observers,  and 
as  show  the  monthly  and  annual  mean  pressures,  and  wind  force  and 
direction. 

WEATHER  CROP  BULLETIN. 

• 

The  Weather  Crop  Bulletin  of  the  Signal  Service  has  been  regularly 
issued  during  the  year,  this  being  a  monthly  publication  during  the 
winter  months  and  a  weekly  bulletin  during  tlie  growing  season  from 
March  1st  to  October  1st.    This  bulletin  contains  a  weekly  summary  of 
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the  temperature  aud  raiDfall,  based  upon  reports  from  telegraphic  sta- 
tions, and  a  comparison  of  the  same  with  the  normal  conditions  per- 
taining to  the  current  ^eek,  and  also  for  the  entire  season  from  January 
1st  to  the  date  of  issue.  It  also  contains  general  remarks,  based  upon 
telegrams  forwarded  fi*om  the  central  stations  of  state  services,  as  to 
the  effect  of  week's  weather  upon  the  growing  crops.  These  telegrams 
are  based  upon  reports  received  from  numerous  observers  throughout 
the  state,  submitted  in  time  to  reach  the  state  centre  by  Saturday 
morning;  so  that  the  weekly  bulletin  presents  a  reliable  summary  of 
the  meteorological  conditions  and  the  effect  of  the  same  upon  the  prin- 
cipal crops  throughout  the  agricultural  regions  of  the  United  States. 
This  bulletin  is  also  accompanied  by  a  tabular  statement  containing 
the  data  upon  which  it  is  based.  Both  are  issued  and  mailed  on  Satur; 
day  night  in  time  to  reach  the  principal  commercial  centres  before  the 
beginning  of  trade  on  Monday  morning.  This  general  bulletin  is 
locally  supplemented  by  the  weekly  bulletins  issued  by  the  state  weather 
services,  each  service  preparing  its  bulletin,  based  upon  mail  reports. 

There  is  no  feature  of  this  Service  which  has  met  with  such  univer- 
sal favor^  and  been  so  highly  valued,  as  the  Weather  Crop  Bul- 
letin. ;  It  has  been  commended  by  boards  of  trade  in  the  wheat  and 
cotton  regions;  it  is  regularly  telegraphed  as  an  item  of  news  by  the 
press  associations;  is  very  extensively  published  by  the  principal  jour- 
nals of  the  country,  and  is  also  cabled  regularly  to  Europe.  Consid- 
ered in  connection  with  the  local  state  bulletins,  it  places  before 
the  people  of  the  country,  at  weekly  intervals,  a  reliable  statement  as  to 
current  and  seasonal  weather  conditions,  whether  normal  or  abnormal, 
and  as  to  the  effect  and  extent  of  such  weather  conditions  on  the  staple 
crops.  This  information  has  been  extensively  and  advantageously 
used  by  both  producers  and  dealers,  and  its  date  of  issue,  Saturday, 
places  both  on,an  equal  footing.  The  local  crop  bulletins  are  exchanged 
and  each  board  of  trade  is  also  supplied  with  all  state  bulletins  through- 
out the  cotton  region,  for  the  benefit  of  its  members. 

There  are  also  prepared,  from  the  data  of  the  Weather  Crop  Bulle- 
tin, charts  graphically  representing  the  excess  or  deficiency  of  tem- 
perature and  rainfall  throughout  the  United  States.  These  charts, 
prepared  weekly,  are  supplied  to  the  Superintendent  of  the  Marine 
Hospital  Service,  who  includes  them,  with  a  tabular  statement,  in  the 
weekly  abstract  of  sanitary  reports  issued  by  the  Marine  Hospital 
Service.  The  first  issue  of  these  charts  occurred  on  April  11,  1890, 
and  they  have  been  continued  without  interruption  since  that  date. 
They  present  the  conditions  of  temperature  and  moisture  in  such  a 
form  as  to  render  it  possible  to  readily  study  these  conditions  in  their 
relations  to  suoh  special  diseases  as  prevail  over  any  extensive  area. 

FOBEiaN  WEATHER   SERVICES. 

The  co-operation  of  the  Chief  Signal  Officer  with  Professor  Mascart, 
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Director  of  the  Central  Meteorological  Office,  Paris,  France,  has  con- 
tinued throughout  the  yean  Each  night  a  cablegram  is  sent  to  Pro- 
fessor Mascart,  at  Paris,  summarizing  the  synchronous  meteorological 
observations,  gales,  derelicts,  and  dangerous  ice  of  the  western  At- 
lantic for  the  previous  five  days,  together  with  the  current  weather 
conditions  of  the  United  States.  This  information  is  highly  appre- 
ciated by  the  Central  Meteorological  Office  of  France,  which  utilizes 
it  for  making  its  own  forecasts,  and  is  also  valued  by  all  shipmasters, 
who  profit  by  early  and  detailed  information  as  to  fogs,  ice-fields,  and 
wrecks,  whereby  their  western  courses  from  England  and  France  may 
be  made  with  greater  safety  and  speed.  The  Chief  Signal  Officer  ac- 
knowledges the  continued  hearty  co-operation  of  the  Hydrographer  of 
the  Navy,  under  whose  orders  valuable  ocean  data  have  been  regularly 
furnished  this  Bureau.  Credit  is  also  due  to  the  **  New  York  Herald'^ 
ocean  weather  service  for  similar  voluntary  meteorological  data. 

STATE  WEATHER  SERYIOES. 

Captain  H.  H.  C.  Dunwoody,  4th  Artillery,  Signal  Officer,  has  re- 
mained in  charge  of  the  duties  pertaining  to  State  Weather  Services 
and  meteorological  societies  co-operating  with  the  Signal  Service ;  his 
detailed  report  forms  Appendix  No.  8.  There  are  at  present  twenty- 
eight  services,  covering  thirty-three  states — the  jurisdiction  of  the 
New  England  Meteorological  Society  including  six;  ten  services  have 
been  organized  by  legislative  enactment  and  receive  support  from 
state  governments. 

The  Chief  Signal  Officer  has  continued  towards  these  services  a 
X)olicy  of  liberal  and  hearty  co-operation.  He  has  alwayg  refrained 
most  carefully  from  any  eflTort  to  influence  the  line  of  work  of  these 
organizations,  since  he  realizes  that  the  state  and  National  Services  work 
under  differing  conditions,  though  on  either  parallel  or  con  verging  lines 
of  research.  The  able  administration  and  high  scientific  standing  of 
diiectors  in  charge  of  state  services  are  matters  of  congratulation. 
They  conduct  the  ^flairs  of  their  own  organizations  after  their  own 
policy,  without  intruded  suggestions. 

There  are  26  observers  of  this  Bureau  performing  duty  in  connection 
with  state  services;  and  in  selecting  men  for  this  important  work 
special  endeavor  has  been  made  to  detail  observers  of  liberal  educa- 
tion and  with  extended  meteorological  experience. 

The  assistance  rendered  to  the  local  services  by  the  detail  of  Signal 
Service  observers  as  assistants  to  the  directors  has  been  recognized  as 
an  important  feature  of  the  co-operating  work  of  this  Bureau  with  the 
state  services,  as  it  brings  to  the  aid  of  the  directors  men  whose  edu- 
cation and  experience  qualify  them  not  only  to  render  valuable  assist- 
ance in  selecting  stations  and  instructing  observers,  but  also  in  tabu- 
lating the  data  and  in  preparing  the  reports. 

The  Chief  Signal  Officer  appreciates  the  importance  of  these  services 
11945  sio 2 
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\o  the  different  states',  in  conoeutrating  and  applying  to  the  benefit  of 
local  interests  climatic  data  pertaining  to  their  immediate  section  of 
the  country.  The  valae  of  these  organizations  has  been  acknowledged 
and  made  evident,  particalarly  in  New  England,  New  York,  Pennsyl- 
vania, and  Michigan,  where  these  services  have  published  valuable 
data  at  their  own  expense.  In  some  cases  these  publications  have  set 
forth  the  normal  climatic  conditions,  and  in  others  have  appeared 
special  memoirs  on  subjects  pertaining  to  general  meteorology,  which 
investigations  cannot  fail  to  be  of  value  to  the  country  at  large  and  to 
the  National  Service  in  particular. 

It  appears  evident,  however,  to  the  Chief  Signal  Officer  that  a 
sharper  line  than  now  exists  must  be  drawn  relative  to  state  services 
aided  by  the  National  Service,  and  in  consequence  he  has  decided  to 
withdraw  aid,  after  January  1, 1891,  from  such  services  as  are  unable 
to  print  for  the  benefit  of  their  state  the  observations  accumulated  and 
tabulated  by  the  Signal  Service  assistants.  As  has  been  stated  in  a 
previous  report,  state  services,  which  are  only  branches  of  the  National 
Service,  must  be  of  limited  utility. 

STATIONS  DIVISION. 

The  meteorological  force  throughout  the  country  has  remained  under 
the  direct  supervision  of  2d  Lieutenant  James  Mitchell,  Signal  Corps, 
whose  report  forms  Appendix  No.  7.  Lieutenant  Mitchell's  long  and 
practical  experience  in  the  details  of  work  i>erformed  at  the  local  offices, 
and  his  knowledge  of  the  personnel  of  the  Service,  have  rendered  his 
administi^tion  of  station  duties  most  satisiactory.  His  report  contains 
matt^er^  of  importance  and  interest  bearing  on  the  work  done,  the 
methods  followed,  and  the  various  changes  made  in  the  directions  of 
economy  and  efficiency. 

Until  1888  there  was  only  one  first-class  meteorological  station  nnder 
control  of  the  Chief  Signal  Officer.  On  Jane  30,  1890,  there  were 
twenty-six  such  signal  stations  in  the  United  States,  at  which  the  most 
important  meteorological  phenomena  are  now  continuously  recorded 
by  means  of  self-registering  instruments.  Five  hundred  meteorological 
stations  of  all  classes  were  in  operation  on  June  30, 1890;  of  these,  144 
are  meteorological  stations  taking  two  or  more  observations  daily ;  34 
auxiliary  meteorological  stations  taking  a  daily  obser\'ation ;  15  repair 
stations  on  United  States  military  telegraph  lines;  73  special  wind 
display  stations ;  72  special  river  stations;  46  special  rainfall  stations; 
114  cotton-region  stations;  and  2  state  weather  service  stations.  At 
all  these  stations,  except  those  for  the  display  of  wind  signals,  in  ad- 
dition to  various  other  duties  (snch  as  operating  or  repairing  telegraph 
lines,  the  observing  of  rivei'  heights,  or  the  performance  of  duties  in 
connection  with  state  weather  services)  the  observers  also  record 
daily  the  amount  of  rainfall  and  the  maximum  and  minimum  tempera- 
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tnres.    The  special  duties  performed  at  these  stations  are  set  forth  in 
detail  in  Appendix  No.  7. 

RECORDS  DIVISION. 

The  very  valuable  reports  df  2d  Lientenant  William  A.  Olassford, 
Signal  Corps,  who  has  been  in  charge  of  the  Becords  Division  dnring 
the  greater  part  of  the  year,  form  Appendixes  Nos.  9  to  17. 

The  enormoos  extent  of  country  covered  by  the  voluntary  and  regu- 
lar reports  of  the  Signal  Service,  and  the  complicated  inter-relations  of 
the  various  meteorological  and  dimatological  data,  combine  to  make 
the  proper  collation  of  these  data,  in  their  bearings  upon  industrial, 
commercial,  and  other  questions,  a  subject  of  great  difficulty.  Every 
effprt  is  being  made  on  the  part  of  this  Bureau  to  utilize  in  the  public 
interest  the  vast  amount  of  meteorological  data  which  have  accumu- 
lated during  the  past  nineteen  years ;  and  it  is  hoped  that  the  arrange- 
ment will  soon  be  so  complete  and  comprehensive  as  to  permit'  the 
speedy  application  of  observed  facts  to  the  solution  of  any  climatic 
question  in  which  the  public  interests,  or  any  considerable  number  of 
the  American  people,  are  concerned. 

Meteorological  reports  to  be  valuable  must  be  correct,  not  only  in 
observation,  but  in  reduction  and  tabulation.  It  is  only  within  the  past 
two  years,  however,  that  the  data  used  in  current  publications  have 
been  rigidly  examined  prior  to  their  dissemination.  The  pressing  de- 
mand for  early  publication  has  in  prior  years  been  the  proffered  excuse 
for  the  non-examination  of  current  meteorological  reports,  but  the  sys- 
tematic methods  introduced  at  the  central  office  in  late  years  practi- 
cally established  the  soundness  of  the  theory  that  the  examination  of 
data  prior  to  current  use  consumed  no  more  time  or  effort  than  a  sim- 
ilar examination  after  publication,  and  really  in  the  end  involves  less 
labor,  since  in  subsequent  careful  investigations  errors  have  to  be 
eliminated  and  corrections  duly  made.  This  work  of  examination  is  a 
task  of  no  light  magnitude,  sinc^  more  than  10,000  reports  are  received 
and  scanned  monthly. 

The  standard  of  accuracy  among  the  regular  observers  in  the  Signal 
Service  is  very  high,  and  it  is  gratifying  to  report  that  during  the  past 
year  there  has  been  a  decrease  of  about  15  per  cent,  in  the  number  of 
errors  found  in  the  more  important  forms.  The  publication  of  com- 
mendatory notices  of  the  most  skilled  and  accurate  observers,  and  the 
censuring  of  those  who  fall  below  a  certain  standard  of  efficiency,  have 
contributed  to  this  marked  improvement. 

The  important  labor  of  systematic  arrangement  of  the  loose  reports, 
and  the  proper  assemblage  in  bound  volumes  of  the  more  important, 
has  been  continued  as  opportunity  offered.  About  100,000  of  such 
forms  and  reports  have  been  appropriately  arranged,  bound  in  757 
volumes,  and  indexed  during  the  year.  A  systematic  assemblage  of 
the  most  valuable  bound  and  unbound  records  in  the  fire-proof  vault, 
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provided  for  by  Oongress  for  that  purpose,  has  been  attempted  dming 
the  year.  Unfortanately  farther  work  in  this  direction  is  inipraotica- 
ble,  owing  to  lack  of  suitable  shelving.  The  temporary  wooden  shelves, 
constructed  before'the  vault  could  be  occupied,  have  proved  insufficient 
in  quantity  and  faulty  in  construction^  A  considerable  number  of  the 
shelves  have  broken  down  upon  the  records  below,  necessitating  tempo- 
rary and  insufficient  expedients  in  connection  therewith.  It  appears 
evident  that  a  fire-proof  vault  for  important  public  records  should  be 
fitted  up  with  metal  shelving,  and  a  necessary  appropriation  therefor 
of  $2,800  has  been  incorporated  in  the  estimates  for* the  contingent  ex- 
penses of  this  Service.  Until  proper  shelf  room  is  obtained  it  is  impos- 
sible to  re-arrange  or  change  the  capacity  of  any  single  shelf  without 
removing  the  contents  of  a  whole  section  and  practically  rebuilding  it. 

There  have  been  588  demands  upon  this  office  for  meteorological  in- 
formation during  the  year,  which  have  been  acceded  to,  while  the  Chief 
Signal  Officer  has  been  obliged  to  refuse  other  applicants  who  desired 
extended  data  beyond  the  power  of  the  current  force  to  furnish,  or  refer 
them  to  the  incomplete  official  reports  for  the  past  nineteen  years. 

In  special  instances,  where  the  transcripts  were  of  an  extended  char- 
acter and  wholly  in  private  interests,  excerpts  have  been  made,  out  of 
office  hours,  at  the  rate  of  forty  cents  an  hour,  and  at  the  expense 
of  the  parties  to  be  benefited.  There  have  been  20  such  transcripts, 
involving  the  sum  of  937.40.  The  Chief  Signal  Officer  views  such  paid 
work  with  disfavor,  but  since  these  transcripts  could  not  be  furnished 
in  regular  hours  without  interfering  with  regular  work,  has  rductantly 
deemed  it  best  to  allow  such  work  in  special  cases. 

The  transcripts  furnished  are  not  only  used  as  evidence  in  courts, 
for  publication  with  matters  of  public  interest,  and  for  scientific  re* 
search,  but  have  been  put  to  practical  use  in  connection  with  commer- 
cial enterprises,  and  utilized  in  connection  with  medical  and  other 
professional  matters  of  decided  economic  importance.  Among  the 
valuable  and  suggested  lines  of  investigation  may  be  mentioned  that 
ably  discussed  by  Mr.  Edward  Atkinson,  of  the  New  England  Cotton 
Manufacturing  Association,  October  30, 1889,  bearing  upon  the  pre- 
dominating influence  which  the  relative  humidity  of  the  country  exer- 
cises on  the  successful  operation  of  cotton  manufactures.  -A  similar 
line  of  inquiry,  with  respect  to  conditions  of  temperature  and  relative 
humidity  needful  for  the  successful  production  of  flax  and  hemp,  was 
instituted  at  the  request  of  the  Hon.  B.  M.  La  Follette,  M.  C,  member 
of  the  Ways  and  Means  Committee  of  the  House  of  Representatives. 
These  researches  illustrate  the  important  relation  of  climatological  con- 
ditions to  the  wealth  and  prosperity  of  this  continent.  In  these  days 
of  stimulated  production  and  excessive  competition  local  climatological 
peculiarities  may  prove  a  source  of  prosperity,  or  when  accurately  deter- 
mined, may,  under  unfavorable  conditions,  be  hardly  less  beneficial  in 
forecaating  and  avoiding  disasters,  which  in  either  case  would  flow 
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from  the  prosecation  of  enterprises^  industries,  or  cultivation  peculiarly 
snited  to,  or  unfitted  for,  the  region  in  question.  Detailed  inquiries, 
relative  to  climatic  conditions  for  purposes  above  stated,  and  as  to  their 
salubrity  orinsalubrity  relative  to  certain  diseases,  are  irequently  made 
of  this  Bureau.  Doubtless  some  applications  are  due  to  the  fact  that 
climatic  data  pertaining  to  health  resorts  throughout  the  country  have 
naturally  a  biased  coloring,  arising  from  the  treatment  of  climate  from 
a  local  rather  than  from  a  general  standpoint,  so  that  in  case  of  conflict- 
ing claims  the  official  records  of  this  office  are  sought  in  confirmation. 

The  importance  of  accurate  information  as  to  local  climatic  condi- 
tions is  of  value  to  many  invalids  of  the  country,  but  the  benefit  is 
particularly  great  to  the  poorer  classes,  who  can  ill  spare  the  expense 
of  travelling,  not  to  mention  the  impairment  of  health  and  strength 
whilQ  in  search  for  climatic  conditions  conducive  to  their  restoration. 

The  most  important  compilation  made  by  this  division,  apart  from 
the  preparation  of  current  data  for  discussion  and  publication,  has 
been  the  report  of  the  Chief  Signal  Officer  to  the  United  States  Senate, 
made  in  answer  to  a  resolution  dated  April  22, 1890,  on  the  climate  of 
the  State  of  Nebraska. 

At  the  end  of  the  year,  the  Records  Division  was  engaged  in  an  ex- 
tensive report  on  the  climatology  of  the  arid  region,  in  answer  to  the 
resolution  of  the  House  of  Bepresentatives  dated  May  23, 1890,  wtiich 
it  is  hoped  will  be  submitted  at  an  early  day. 

Attention  is  invited  to  the  resume  by  Lieutenant  Glassford  in  his  re- 
port, of  the  work  dope  and  progress  made  in  meteorological  records 
since  the  first  system  of  regular  and  continuous  observations  in  the 
United  States  was  instituted  at  the  suggestion  of  Surgeon  General 
Buggies  of  the  Army  in  1819.  In  all  meteorological  systems  of  this 
country  the  Army  of  the  United  States  has  been  the  pioneer  in  work 
of  meteorological  observation,  and,  from  whatever  standpoint  the 
question  is  viewed,  the  accumulated  data  resulting  from  the  careful 
and  devoted  labors  of  officers  and  men  at  hundreds  of  isolated  military 
posts  form  a  comprehensive  network,  filled  in  by  the  reports  of  the 
intelligent  voluntary  observers  of  the  country,  which  for  some  years 
to  come  must  be  accepted  tw  the  groundwork  of  American  meteorology 

The  Ohief  Signal  Officer  has  pleasure  in  acknowledging  the  continued 
valuable  co-operation  of  the  Medical  Department  of  the  Army,  which 
has  furnished  regular  reports  from  119  military  posts,  situated  in  iso- 
lated and  sparsely -settled  regions  where  meteorological  data  are  most 
scanty.  This  number  represents  an  increase  of  twenty-four  over  the 
preceding  year,  and  as  to  their  reliability,  it  is  proper  to  state  that 
under  the  present  careful  and  interested  supervision  of  the  Surgeon  Gen- 
eral of  the  Army  the  reports  from  the  Medical  Department  are  of  a 
higher  order  of  accuracy  than  ever  before  and  show,  as  a  rule,'  great 
care  on  the  part  of  the  medical  officers  in  charge. 

As  pait  of  Lieutenant  Glassford's  report  appears  a  list  showing  the 
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number  of  volantary  and  other  co-operating  observers  in  the  different 
states  and  territories,  aggregating  1,924  on  June  30, 1890. 

It  gives  the  Chief  Signal  Officer  pleasure  to  note  the  fidelity  of  action 
and  generous  spirit  of  scientific  co-operation  shown  by  the  voluntary 
observers,  both  men  and  women,  who  daily,  for  many  years,  give 
gratuitously  their  time  and  attention  to  the  recording  of  facts  which 
increase  the  sum  of  human  knowledge.  The  Chief  Signal  Officer  has 
recognized  as  far  as  possible  on  his  part,  in  an  inadequate  way,  how- 
ever, the  labors  of  the  voluntary  observers,  by  regularly  sending  to 
them  the  ^'Monthly  Weather  Beview"  and  his  annual  reports. 

An  erroneous  idea  occasionally  appears  to  the  effect  that  these  local 
observations  benefit  wholly  the  Weather  Bureau  and  that  on  them  the 
forecasts  of  the  weather  are  made.  The  fact,  however,  is  that  these 
reports  are  received  from  one  to  three  weeks  after  the  end  of  the  month 
to  which  they  pertain,  and  that  their  value  is  almost  entirely  dimato- 
logical — that  is,  they  are  of  value  in  enabling  this  office  to  chart,  for 
the  benefit  of  the  whole  country,  more  accurately  and  fully  the  exist- 
ing rainfall  and  temperature  conditions.  Ultimately  the  data  from 
voluntary  observers,  when  collated  and  published  by  this  Bureau,  are 
of  decided  benefit  to  the  regions  to  which  they  pertain,  this  being  es- 
pecially applicable  to  the  trans-Mississippi  country.  These  reports 
enable  this  office  to  put  before  all  interested  in  agricultural  operations, 
charts  and  tables  indicating  with  great  accuracy  the  dates  of  the  first 
and  last  killing  frosts,  the  first  and  last  snows,  length  and  severity  of 
winters,  frequency  of  cold  waves,  and  the  duration  and  intensity  of 
droughts  and  heated  terms.  Glimatological  data^  systematically  col- 
lated, are  of  marked  benefit  to  the  department  of  medicine,  and  it  re- 
dounds to  the  benefit  of  the  section  concerned  6y  attracting  thereto 
that  class  of  invalids,  or  semi-invalids,  whose  physical  conditions  are 
such  as  to  render  a  special  climate  necessary  for  their  health  and 
strength.  The  fostering  of  local  observations  in  the  interest  of  medi- 
cine obtains  in  the  states  of  Michigan,  Tennessee,  and  Colorado,  where 
the  study  of  climate  as  affecting  health  has  been  prosecuted  in  a  sys- 
tematic manner,  especially  in  the  state  first  named,  under  Dr.  Henry 
B.  Baker.  The  value  of  local  observations  is  especially  evident  to 
corporations  planning  traffic  lines  or  enterprises  of  extensive  scale,  in 
what  may  be  called  the  comparatively  unknown  sections  of  the  United 
States.  In  these  matters  the  probability  of  extreme  weather,  as  well 
as  the  average  conditions,  is  often  knowledge  of  marked  value.  In 
more  limited  areas  local  climatic  records  are  important  factors,  espe- 
cially in  matters  of  rainfall  in  limited  catchment  areas,  which  may 
affect  public  works,  not  only  when  canals,  storage  reservoirs,  or  irriga- 
tion ditches  are  in  question,  but  also  sewers,  drains,  and  other  sanitary 
engineering  works  essential  to  the  health  of  great  cities. 

The  Chief  Signal  Officer  especially  acknowledges  the  courteous  co- 
operation of  the  Hydrographic  Office  of  the  U.  S.  Navy  De[>artuieut ; 


of  the  Geological  Sarvey  of  the  luterior  Department;  of  the  officers  of 
the  Central  and  Southern  Pacific  railways,  and  of  the  "  New  York 
Herald"  weather  service.  From  the  Geological  Survey  has  been  re^ 
ceived  an  average  of  forty-eight  rainfall  reports,  principally  from 
Arizona,  Colorado,  and  New  Mexico,  made  by  the  observers  of  that 
survey,  in  connection  with  the  irrigation  projects  in  the  arid  regions. 
From  the  Hydrographic  Office  has  been  received  an  average  of  327  re- 
ports each  month,  but,  owing  to  the  change  of  vessels  and  commanders, 
these  reports  pertain  to  892  different  vessels.  From  the  ^^Kew  York 
Herald"  seivice,  whose  valuable  co-operation  is  especially  recognized, 
this  Bureau  has  received  a  monthly  average  of  45  reports  made  by 
captains  of  123  different  vessels. 

For  the  past  twenty  years  the  Central  and  Southern  Pacific  railways 
have  made  monthly  observations  of  temperature  and  piecipitation,  and 
since  1877  have  furnished  them  to  this  office.  The  foresight  and  en- 
terprise exhibited  by  the  officers  of  these  roads  have  resulted  in  the  ac- 
cumulation of  data  which  make  the  sections  through  which  the  lines 
pass  better  known  climatologically  than  any  other  parts  of  the  country 
west  of  the  100th  meridian.  These  reports  have  been  regularly  fur- 
nished through  the  past  year  from  188  stations.  It  is  evident  that  the 
comparatively  small  outlay  by  the  Central  Pacific  Bail  way  in  1870  for 
thermometers  and  rain-gauges  has  been  a  most  profitable  investmefit. 
Not  only  have  exact  weather  and  temperature  data  enabled  the  com- 
pany to  successfully  resist  unwarranted  claims  for  damage  and  demur- 
rage, but  such  data  have  placed  the  intelligent  managers  in  a  position 
to  forecast  and  forestall  disastrous  weather  conditions  in  some  instances 
and  to  take  advanta|:e  of  favorable  conditions  in  other  cases. 

As  will  appear  from  Lieut^iant  Glassford's  report,  the  co-operation 
of  voluntary  observers  is  not  sectional;  there  being  no  state  or  terri- 
tory from  which  this  office  does  not  receive  data.    The  largest  num- 
bers received  monthly  are  from  Colorado,  207;   Michigan,  106;  and  • 
Kansas,  102. 

In  cases  where  such  action  has  been  necessary  to  secure  voluntary  re- 
ports, instruments,  such  as  rain-gauge,  exposed  thermometer,  and  max- 
mum  and  minimum  thermometers,  have  been  issued  to  observers,  who 
give  a  personal  bond  to  the  office  for  the  proper  preservation  and  return 
of  the  instruments  when  called  for,  and  who  agree  to  make  regular  re- 
ports of  the  temperature  and  rainfall.  The  occasions  have  been  rare  in 
which  the  observer  has  not  carefully  and  conscientiously  complied  with 
the  terms  imposed.  The  distribution  of  these  instruments  has  largely 
been  in  the  trans-Mississippi  country,  the  greatest  number  issued  be- 
ing as  follows:  in  Texas,  143;  California,  161 — in  all,  1,871  thermome- 
ters and  rain-gauges  have  been  issued,  nearly  one-half,  or  882,  dnriug 
the  past  year. 

The  preparation  of  a  card  index  of  the  stations  in  the  United  States 
at  which  meteorological  observations  have  ever  been  taken,  has  been 
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continued  as  opportunity  offered  thronghont  the  year.  When  finished 
these  indices  will  afford  an  accurate  and  comprehensive  history  of  all 
climatic  observations  ever  made  in  this  country. .  The  number  of  cards 
now  prepared  is  4,304;  the  grand  total  will  exceed  6,300. 

Supplementary  to  the  card  catalogue,  there  is  now  being  compiled 
an  index  for  each  state  of  all  observations  ever  made  within  that 
state,  the  intention  being  to  prepare  a  sufficient  number  of  these  in- 
dices, by  the  milliograph  process,  for  distribution  to  the  Signal  Ser- 
vice observers  serving  at  the  mdst  prominent  station  in  respective 
states.  Thus  far  61  pages  of  the  index  have  been  completed,  embrac- 
ing the  following  states  and  territories:  Alabama,  Alaska,  Arizona, 
Arkansas,  California,  Colorado,  Iowa,  Louisiana,  Minnesota,  Missouri, 
Nebraska,  Nevada,  New  Mexico,  Utah,  and  Wisconsin.  The  indices 
for  the  whole  country  will  be  finished  during  the  fiscal  year  of  1891. 

INSTRUMENT  DIVISION. 

Assistant  Professor  Charles  F.  Marvin,  in  Appendix  No.  18,  reports 
upon  matters  bearing  on  the  instruments  of  this  Service,  whether  re- 
lating to  their  supply,  exposure,  repair,  or  correctness. 

It  is  due  to  Professor  Marvin  to  say  that  the  general  standards  of 
instrumental  correctness  have  steadily  improved,  and  the  equipment 
of  the  meteorological  stations  of  this  Service  is  now  at  the  highest 
point  of  excellence,  and  as  a  whole  is  second  to  no  meteorological 
service  extant.  Careful  su{)ervision  has  been  exercised  over  instru- 
ments in  use,  and  the  various  stations  have  a  completeness  of  equip- 
ment and  a  uniformity  of  exposure  never  before  obtained  in  this 
Service.  The  great  advantage  of  coutinAus  records  of  wind,  temper- 
ature, rain,  sunshine,  and  atmospheric  pressure,  by  automatic  or' other 
method,  has  been  fully  recognized  by  the  scientific  world.  The  United 
States  has  been  hitherto  derelict  in  this  respect  as  to  its  meteorologi- 
cal stations.  The  Chief  Signal  Officer  has  the  past  year  given  his 
personal  attention  to  this  matter,  and  under  Professor  Marvin's  sys- 
tematic labors  and  investigation  the  signal  offices  of  the  United  States 
soon  bid  fair  to  be  unequalled,  as  a  whole,  in  the  number,  simplicity, 
and  satisfactory  workings  of  their  self-registering  instruments. 
Until  1888  there  was  in  this  Service  only  one  city  (Washington) 
equipped  with  self-registering  jostrnments,  but  at  the  date  of  this  re- 
port twenty-five  of  the  most  important  meteorological  stations  in  the 
country  are  now  Ist-order  stations,  having  automatic  instruments  of 
precision.  Steps  are  being  taken  to  fully  equip  twenty-five  additional 
stations,  at  which  two  or  more  self-registering  meteorological  instru- 
ments are  now  in  position. 

The  self-registering  records  of  pressure,  temperature,  rainfall,  the 
direction  and  velocity  of  the  wind  are  not  allowed  to  depend  alone 
upon  the  records  of  the  automatic  instruments,  however  perfect  they  ai^e 
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coneidered,  but  are  regularly  checked  bj  at  least  semi -daily  eye  read- 
iugs  of  the  standard  instruments. 

Improvements  and  modifications  in  the  manufacture,  exposure,  and 
management  of  various  instruments,  and  the  special  devices  adopted, 
are  noted  in  Professor  Marvin's  report.  Among  other  improvements 
introduced  at  some  of  the 'important  stations  of  the  country  are  the 
furnishing  of  suitable  cases  for  the  protection  of  mercurial  barometers, 
and  of  instrument  stands  specially  devised  with  reference  to  the  proper 
setting  up  and  convenient  management  of  self-recording  instruments. 
Important  improvements  have  been  made  in  the  combination-exposure 
of  wind-vanes  and  anemometers. 

In  connection  with  the  West  Indies'  meteorological  reports,  which  are 
of  special  value  during  the  hurricane  season,  international  comparisons 
were  made  of  the  Cuban  barometers,  through  Benito  Vifies,  S.  J.,  and 
Gapt.  L.  E.  Carbonnelly,  of  Havana,  with  a  substandard  of  this  Service 
observed  by  Sergeant  Boyer.  From  the  result  of  these  comparisons 
it  appears  that  the  Cuban  barometers  are  slightly  lower  than  the 
United  States  standard,  which  reads  0.006  inch  (0.16  millimeter)  higher 
than  that  of  the  Eoyal  College  of  Belen,  under  B.  Yiiies,  S.  J.,  and 
0.007  inch  (0,18  millimeter)  higher  than  that  of  the  Naval  Observatory, 
under  the  supervision  of  Captain  Carbonnelly. 

As  a  general  rule  the  instruments  and  supplies  of  this  Service  have 
been  purchased,  under  the  contract  method,  from  the  lowest  bidder. 
Unsatisfactory  results  have  often  occurred  from  the  operation  of  this 
system,  especially  in  the  construction  of  new  and  complicated  instru- 
ments, and  the  purchase  of  special  supplies  wherein  excellence  of 
quality  are  essential  to  success.  Many  of  these  difficulties  have  been 
overcome  by  purchase  of  instruments  on  sample,  but  in  other  cases  the 
office,  in  order  to  insure  successful  records,  has  been  obliged  to  pur- 
chase in  open  market. 

The  Chief  Signal  Officer  again  acknowledges  the  indebtedness  of  this 
office  to  the  Postmaster-General ,  who  has  issued  such  orders  as  insure 
not  only  the  prompt  transmission  of  current  reports  and  maps  by  mail, 
but  also  the  safe  transportation  of  thermometers,  barometers,  self  reg- 
isters, and  other  fragile  instruments  which  could  not  be  sent  by  express 
without  incurring  a  large  proportion  of  breakages  or  injuries.  It  is 
due  to  the  Superintendent  of  the  Bailway  Postal  Service  to  say  that 
through  his  instructions,  supplemented  by  the  intelligent  care  of  the 
railway  postal  clerks,  shipments  of  delicate  instruments  the  past  year 
have  been  made  with  great  safety,  and  but  few  breakages  have  occurred. 

Lack  of  office  force  and  of  space  has  compelled  the  Chief  Signal 
Officer  to  decline  to  compare  thermometers  or  barometers  with  the 
standards  of  this  Service,  except  in  special  cases,  such  as  for  other 
Departments  of  the  Government  or  for  scientific  observers  interested 
in  special  investigations.  It  is  believed,  however,  that  it  should  be  a 
part  of  the  work  of  this  Service  to  compare,  either  gratuitously  or  for  a 
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nominal  snm,  all  meteorological  instruments  whi<*h  mny  be  prefi^^nted 
for  snch  parpose. 

The  rigid  system  of  thermometric  comparisons,  initiated  by  Profes- 
sor B^ssell  and  continued  by  Professor  Marvin,  has  had  not  only  the 
ultimate  result  of  insuring  the  essential  correctness  of  the  instruments 
used  by  this  Service,  but  has  also  exercised  a  beneficial  inflnenceupon 
all  manufacturers  of  the  highest  grade  thermometers  in  the  United 
States,  whose  skill  in  producing  a  large  number  of  instruments  with 
trifling  errors  of  graduation,  rarely  exceeding  throughout  their  range 
half  a  degree  Fahrenheit,  may  be  considered  most  remarkable,  par 
ticularly  in  view  of  the  attendant  difficulties. 

In  securing  accurate  results  from  self-registering  instruments,  not 
only  must  the  instruments  themselves  be  of  the  highest  standard,  but 
great  care  and  patient  attention  must  be  given  to  the  correctness  of 
time  intervals,  and  to  other  rulings  of  the  various  printed  forms  used 
in  connection  with  such  instruments. 

The  work  of  re-arranging  samples  of  all  self- registering  instruments 
in  the  possession  of  the  Bureau,  in  a  special  room  of  the  central  office 
so  as  to  give  visitors  a  general  idea  of  the  classes  of.  apparatus  used 
for  meteorological  work,  has  been  pursued  as  far  as  means  and  accom- 
modations would  permit.  Not  only  instruments  in  current  use,  but 
those  formerly  in  vogue,  have  been  thus  set  up  in  a  convenient  order 
so  as  to  afford  interested  visitors  a  practical  illustration  of  recognized 
methods  and  typical  metorological  instruments. 

THE  PUBLICATIONS   DIVISION. 

The  technical  preparation  and  distribution  of  the  weather  maps  and 
other  publications  of  this  office  pertain  to  the  Publications  Division, 
the  report  whereof  appears  as  Appendix  No.  19. 

An  improvement  in  the  addressing  of  publications  has  been  made 
during  the  year  by  adopting  the  plans  followed  b}"  private. corponi- 
tions  throughout  the  country.  The  adoption  of  printed  addresses  has 
resulted  not  only  in  a  saving  of  time  and  labor  in  mailing  the  several 
publications,  but  by  the  greater  accuracy  has  insured  their  more 
speedy  and  safe  delivery.  As  far  as  they  are  applicable,  business 
methods  pursued  in  large  newspaper  establishments  are  followed. 

THE  LIBRARY. 

Mr.  Oliver  L.  Fassig  has  remained  in  charge  of  the  Library,  which 
now  contains  nearly  12,000  volumes,  exclusive  of  pamphlets.  The  policy 
of  exclusively  confining  purchases  to  strictly  professional  publications 
has  been  rigidly  adhered  to.  The  Library  has  been  much  improved 
in  convenience  of  arrangement  and  appearance,  and  for  the  first  time 
in  many  years  the  library  books  of  this  office  are  upon  shelves,  and  so 
arranged  as  to  be  easily  accessible  and  to  render  proper  care  possibb. 

<«The  General  Bibliography  of  Meteorology,"  which  as  completed 
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np  to  1882  contained  about  50,000  indepeDdent  titles,  has  been  supple- 
mented largely  daring  the  year  by  Mr.  Fnssig  and  his  able  assistant, 
Mr.  Harold  E.  Hilton,  who,  unfortunately  for  this  work,  died  in  July 
last.  In  order  to  insure  the  safety  of  this  bibliography,  which  has 
cost  so  much  time  and  effort,  both  on  the  part  of  co-operating  inter- 
national meteorologists  and  of  the  employes  of  this  Bureau,  the  Chief 
Signal  Officer  has  during  the  past  year  caused  the  titles  bearing  on 
moisture  to  be  typewritten  in  lithographic  ink,  from  which  a  limited 
number  of  copies  have  been  made.  The  Ohief  Signal  Officer  in  pre- 
vious reports  has  not  only  set  forth  the  great  practical  value  of  this 
bibliography, *bnt  has  also  dwelt  upon  the  propriety  of  publishing  it 
in  full,  and  he  again  renews  his  recommendation  that  it  be  printed  by 
authority  of  Congress  at  a  cost  not  exceeding  $10,000.  Cogent  rea- 
sons for  this  action  have  been  several  times  set  forth  in  preceding 
annual  reports. 

ACCOUNTS  DIVISION. 

The  disbursements  for  purchases  and  for  services  rendered  in  con- 
nection with  tlie  Signal  Service  have  been  most  faithfully  and  efficiently 
made  by  Captain  Bobert  Craig,  A.  Q.  M.,  whose  report  forms  Appendix 
Mo.  20.  The  intimate  knowledge  of  the  details  of  this  Service  pos- 
sessed by  Captain  Craig  have  tended  to  decrease  the  heavy  burden  of 
care  and  responsibility  which  would  have  inevitably  devolved  upon 
the  Chief  Signal  Officer,  had  the  duty  fallen  to  a  disbursing  officer  un- 
familiar with  the  special  work  of  this  Bureau. 

In  Captain  Craig's  report  will  be  found  the  list  of  contracts  made 
during  the  fiscal  year,  submitted  in  accordance  with  the  Act  of  Con- 
gress approved  April  21,  1808;  also  the  condition  of  the  appropria- 
tions, with  expenditures,  balances,  and  probable  demands,  as  required 
by  the  Act  of  Congress  approved  May  20, 1820. 

There  have  been  deposited  in  the  Treasury,  as  required  by  law, 
t614.65  received  from  the  sales  of  457  miles  of  abandoned  telegraph 
line ;  the  sum  of  9544.88  on  account  of  condemned  property  sold  at 
public  auction,  and  also  the  sum  of  f 338.95  received  from  the  sales  of 
publications,  under-  the  act  approved  May  30, 1874,  section  227,  Ee- 
vised  Statutes,  which  latter  sum  accrued  to  the  credit  of  the  appro- 
priation for  ^'  Observation  and  report  of  storms." 

The  money  accounts  of  the  Disbursing  Officer  have  been  thrice  in- 
spected, and  the  balance  verified  by  an  officer  of  the  Inspector  General's 
Department,  during  the  fiscal  year. 

The  satisfactory  state  and  prompt  settlement  of  the  money  affairs  of 
this  Service  is  illustrated  by  the  fact  that  out  of  10,491  accounts,  grow- 
ing out  of  the  various  appropriations  during  the  year,  there  remained 
on  June  30, 1890,  only  twenty-one  accounts  unsettled  in  the  office  of 
the  Chief  Signal  Officer,  excluding  eighteen  bills  of  the  Western  Union 
Telegraph  Company,  which  are  in  dispute  a«  regards  the  rates  fixed 
by  the  Postmaster  General . 
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On  Jaly  1, 1889,  an  important  reform  went  into  oijeration,  under  a 
provision  in  the  appropriation  act  approved  March  2, 1880,  whereby  it 
was  directed  that  the  pay  and  allowances  of  the  enlisted  men  of  the 
Signal  Corps  be  disbursed  in  one  check  by  the  Disbursing  Officer  of 
this  Bureau.  This  legislation  corrected  the  business  evil  which  for  so 
many  years  prevailed,  wherein  each  man  in  the  Signal  Corps  received 
his  monthly  pay  in  three  different  checks,  based  on  three  sets  of  dupli- 
cate vouchers,  and  paid  by  three  different  officers  and  at  different  times 
of  the  month ;  a  method  which  enormously  increased  the  labor  and 
records,  and  often  delayed  the  final  payment  for  weeks  after  the  month 
ended.  The  new  method  reduces  the  labor  and  records  by  80  per  cent., 
and  insures  to  all  subordinates  prompt  and  immediate  payment,  a  con- 
sideration of  especial  importance  to  men  of  small  salaries.  The  new 
system  has  worked  to  the  utmost  satisfaction,  and,  for  the  first  time 
in  the  history  of  the  Signal  Corps,  the  monthly  compensation  of  the 
enlisted  men  has  been  mailed  to  them  on  the  very  day  when  the  pay 
was  due.  Payments  to  all  the  men  in  the  Signal  Corps,  whether 
serving  in  Arizona  or  New  York,  are  made  by  check,  and  as  indicating 
the  certainty  of  the  method,  it  should  be  mentioned  that  in  the  past 
year  3,571  checks  have  been  mailed  to  the  men  of  the  Corps,  and  only, 
one  check  miscarried. 

The  Chief  Signal  Officer  invites  attention  to  the  well-grounded 
complaint  of  the  Disbursing  Officer  regarding  the  rendition  of  money 
accounts,  in  which  the  accounting  officers  of  the  Treasury  have,  during 
the  year,  insisted  upon,  and  in  which  this  Bureau  has  strictly  followed 
the  requirements  of  the  law,  u  «.,  that  these  money  accounts  shall  be 
rendered  promptly  at  the  end  of  the  month.  This  Bureau  has  strictly 
followed  these  requirements,  but  it  is  proper  to  invite  attention  to  the 
fact  that  notwithstanding  the  prompt  transmission  of  the  accounts  of 
the  Disbursing  Officer  of  this  Service,  they  are  allowed  to  accumulate 
in  the  Treasury  Department  for  many  months  without  examination. 
While  doubtless  this  condition  of  affairs  depends  upon  the  limited  and 
insufficient  force  in  the  auditing  divisions  of  the  Treasury,  yet  this 
situation  is  neither  fair  to  the  Disbursing  Officer  nor  just  to  the  €k)v- 
ernment.  Long  delays  in  adjustments  tend  to  increase  the  difficulties 
of  the  Government  in  obtaining  satisfactory  vouchers,  and  likewise 
augment  the  difficulties  of  the  Disbursing  Officer  in  rectifying  omissions 
in  case  of  imperfect  vouchers. 

The  forms  in  use  in  the  Accounts  and  other  Divisions  have  been 
carefully  examined  with  a  view  to  simplifying  the  business  methods. 
As  a  result,  the  number  of  forms  have  been  reduced  from  536  to  192, 
with  direct  advantage  and  considerable  economy  to  the  Government. 

Another  important  change  in  the  business  methods  of  the  Accounts 
Division  is  the  introduction  of  the  card  system  of  letters  received. 
This  has  been  in  operation  for  the  past  year,  and  has  not  only  saved 
considerable  time  and  labor  in  the  original  handling  and  recording  of 
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letters,  but  under  this  system  letters  referred  to  are  much  more  expe- 
ditiously located. 

ESTIMATES. 

Notwithstanding  the  establishment,  under  special  appropriation,  by 
Congress  of  two  stations,  involving  an  annual  increase  of  $5,000  in  the 
appropriations,  the  estimates  for  the  fiscal  year  of  1892  aggregate  for 
the  Signal  Corps  of  the  Army  and  the  Weather  Bureau  the  sum  of 
9837,917.  These  estimates  show  a  decrease  of  f  11,355.50  as  compared 
with  the  total  estimates  for  the  fiscal  year  of  1891,  and  a  decrease  of 
9258,506.36  since  the  year  in  which  the  present  Chief  Signal  Officer 
assumed  charge  of  the  Bureau.  This  is  also  a  reduction  of  975,105.60 
as  compared  with  the  total  amount  appropriated  for  the  year  ending 
June  30,  1888. 

In  view,  however,  of  the  Act  of  Congress  approved  this  date,  it  will 
be  necessary  to  divide  these  estimates,  and  incorporate  such  as  pertain 
to  the  Signal  Corps  of  the  Army  with  those  for  other  parts  of  the  mili- 
tary establishment,  while  those  for  the  Weather  Bureau  will  need  re- 
vision by  the  Honorable  the  Secretary  of  Agriculture. 

THE  EXAMIKEB'S  DIVISION. 

• 

Appendix  Ko.  21  consists  of  the  report  of  this  division,  on  which 
devolves  the  final  adjudication  of  property  accountability  for  all  officers 
of  the  Army  responsible  for  signal  stores,  as  well  for  the  entire  Signal 
Corps,  including  under  this  head  ail  civilian  employes;  and  also  with 
the  examination,  and  transmission  to  the  Auditors  of  the  Treasury 
Department,  of  money  accounts  pertaining  to  the  Signal  Service, 
whether  appropriated  by  Congress  or  for  funds  received  as  tolls  for 
transmission  of  messages  over  United  States  telegraph  lines.  Also 
the  examination  and  adjudication  of  all  money  accounts  pertaining  to 
funds  received  by  Signal  Service  telegraph  operators  in  trust  for  the 
commercial  telegraph  lines  connecting  with  the  lines  owned  and  oper- 
ated by  the  United  States  devolves  on  this  examiner. 

The  zeal  and  application  of  the  clerks  of  this  division  have  been 
such  that,  for  the  first  time  in  the  history  of  the  Signal  Service,  cur- 
rent work  is  up  to  date,  the  preliminary  examination  of  all  property 
returns  received  to  June  30, 1890,  having  been  completed,  while  all 
but  three  money  accounts-current  had  received  critical  scrutiny. 

BBANCH  SiaNAL  OFFICES. 

Lieutenant  J.  E.  Maxfield,  Signal  Corps,  has  remained  in  charge  of 
the  Branch  Signal  Office  at  San  Francisco,  California,  where  he  has 
regularly  made  daily  forecasts  of  the  weather  and  temperature  for  the 
Pacific  coast  region.    His  report  forms  Appendix  No.  22. 

Lieutenant  Maxfield's  work  has  been  of  a  most  satisfactory  character 
and  his  successful  forecasts  have  risen  steadily  and  gradually  from  a 
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percentage  of  78.3  in  1886-^87  to  85.2  for  1889-'90.  Special  warnings 
of  rain  for  the  benefit  of  raisin  growers,  which  warnings  Lieutenant 
Maxfield  has  been  able  to  give  with  great  accuracy,  were  sent  oat  dur- 
ing the  raisin-drying  season  and  were  the  means  of  saving  large  quan- 
tities of  raisins  from  damage  from  the  unusually  early  rains  of  the  year. 
The  following  officers  of  the  Signal  Ck)rp8  have  also  been  in  charge 
of  meteorological  stations,  which,  from  their  importance  and  location 
merited  the  supervision  of  an  official  of  high  standing:  2d  Lieu- 
tenant B.  B.  Watkins,  at  Cincinnati,  Ohio;  2d  Lieutenant  F.  M.  M. 
Beali,  at  Chicago,  Illinois;  2d  Lieutenant  F.  B.  Day,  at  Saint  Louis, 
Missouri;  and  2d  Lieutenant  F.  W.  Ellis,  at  Galveston,  Texas.  The 
conditions  of  the  Service  have  improved  very  materially  at  Chicago 
and  Saint  Louis  during  the  past  year,  due  to  the  active  and  intelligent 
supervision  of  Lieutenants  Beall  and  Day. 

EXHIBIT  AT  THE  PARIS  EXPOSITION. 

Sergeant  Park  Morrill,  Signal  Corps,  was  detailed  in  charge  of  the 
exhibit  at  the  Paris  Exposition  of  1889,  and  his  report  forms  Appen- 
dix No.  23.  In  preparing  for  this  exposition  there  were  no  funds  at 
the  disposal  of  the  Chief  Signal  Officer  for  incidental  expenses,  and 
the  decision  to  prepare  an  exhibit  was  made  at  a  very  late  day.  Un- 
der the  circumstances  it  was  possible  only  to  show  in  a  limited  man- 
ner the  methods  followed  and  the  work  done  by  the  United  States  Sig- 
nal Service  Bureau.  The  Chief  Signal  Officer  decided,  however,  to 
confine  his  display  to  those  points  in  which  the  United  States  especi- 
ally differs  from  foreign  meteorological  services.  The  most  essential 
points  are  the  fulness,  number,  and  variety  of  publications  showing 
current  data,  gratuitous  issues  in  the  public  interests,  and  unequalled 
speed  of  collation  and  distribution. 

The  display  consisted  of  samples  of  the  ter-  and  semi-daily  weather 
maps,  of  the  monthly  charts  of  pressure,  temperature,  rainfall,  pre- 
vailing winds,  and  storm-tracks — which  appear  monthly  in  the 
Weather  Beview — and  such  special  charts  as  also  are  published  on 
appropriate  and  critical  occasions,  as  charts  of  first  killing  frosts,  last 
killing  frosts,  amount  of  snowfall  on  ground  at  end  of  tnonth,  and 
others  of  a  similar  character;  also  the  original  charts  setting  forth  the 
climatic  conditions  of  the  United  States  for  each  month  of  the  year, 
as  deduced  from  18  year's  observations  of  rainfall  and  temperature, 
and  such  other  special  climatic  charts  as  have  been  prepared  from 
time  to  time  for  public  distribution  in  the  United  States. 

^The  instruments  exhibited  were  confined  to  those  of  American 
invention,  which  from  their  simplicity  and  accuracy  were  thought  to  be 
comparable  with  the  work  of  first-class  instrument  makers  abroad. 

It  appears  from  Sergeant  Morrill's  report  that  the  Daily  Weather 
Map  excited  special  interest,  and  was  considered  to  be  much  superior 
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to  any  similar  chart  pablished  by  other  weather  services,  whether  in 
relation  to  the  amount  of  data  given,  the  area  covered,  the  si^e  of 
map,  or  the  technical  reproduction  of  the  data  thereon. 

The  exhibits  were  entered  onder  Glass's,  Scientific  Expeditions, 
nnder  which  appeared  the  results  and  records  of  the  Lady  Franklin 
Bay  Expedition;  Glass  15,  Instruments  of  precision;  and  Glass  16, 
Maps  and  Gharts. 

Sergeant  Morrill  took  especial  pains  to  lay  before  the  international 
juries  data  setting  forth  the  extended  work  of  the  Signal  Service, 
the  size  of  its  organization,  the  great  scope  of  its  duties,  its  systema- 
tized methods  of  collection,  and  the  facihty  and  liberality  of  its 
methods  in  the  diffusion  of  ftieteorological  information. 

It  is  gratifying  to  report  that  no  other  exhibit  of  the  United  States 
Government  received  higher  recognition,  except  that  of  the  Depart- 
ment of  Agriculture,  which  was  a  collective  exhibit,  involving  a  large 
outlay  of  money  and  much  labor.  The  Signal  Service  display  received 
three  grand  prizes  from  the  Exposition,  to  which  should  be  fairly 
adde<l  a  fourth  prize,  that  for  the  Lady  Franklin  Bay  Exi)edition, 
which  was  awarded  in  the  name  of  the  Secretary  of  War,  upon  whom 
the  general  anpervision  of  the  expedition  devolved,  and  in  whose  name 
it  was  organized. 

The  Ghief  Signal  Officer  has  much  pleasure  in  inviting  the  attention 
of  the  Secretary  of  War  to  the  energy,  skill,  and  success  with  which 
Sergeant  Morrill  supervised  this  creditable  display  and  secured  its 
proper  recognition.  In  addition  to  his  labors  in  connection  with  the 
Exposition,  Sergeant  Morrill  was  fortunate  enough  to  secure  for  Pro- 
fessor Gleveland  Abbe,  of  this  office,  a  decoration  of  the  Legion  of 
Honor,  the  formal  acceptance  of  which  Gongress  has  been  asked  to 
authorize. 

PUBLIC  QUARTERS. 

In  the  interest  of  economy  and  in  order  to  secure  a  more  efficient 
service,  recommendation  was  made  that  the  public  buildings  and 
grounds  at  the  corner  of  24th  and  M  streets,  in  which  the  Signal  Office  is 
located,  so  far  as  their  care  and  preservation  were  concerned,  be  placed 
under  the  supervision  of  the  superintendent  of  the  State,  War,  and 
Navy  Department  building.  This  recommendation  being  approved 
by  the  Honorable  Secretary  of  War,  Ghief  Engineer  Thorn  William- 
son, U.  S.  Navy,  Superintendent  of  the  State,  War,  and  Navy 
Department  building,  was  detailed  for  that  duty  on  October  3, 1889,  and 
the  necessary  force  was  transferred  to  him  for  heating  and  guarding 
the  premises.  During  the  year  just  passed,  Gongress  appropriated  the 
sum  of  $9,500  for  enlarging  the  heating  facilities,  increasing  the  drain- 
age, and  for  such  other  repairs  as  might  be  required  to  preserve  the 
main  and  annex  buildings.  The  disbursement  of  this  sum  was  placed 
nnder  the  control  of  Ghief  Engineer  Thom  Williamson,  U.  S.  Navy, 
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assisted  by  Chief  Engineer  David  Smith ,  under  whose  direction  it  has 
been  most  jadicioasly  expended.  The  repairs  have  not  been  com- 
pleted, but  are  progressing  as  rapidly  as  first-class  workmanship  will 
permit. 

The  Chief  Signal  OflBcer,  for  want  of  technical  knowledge,  even 
conld  time  been  spared  from  important  duties,  could  not  have  secured, 
for  the  amount  of  money  appropriated,  the  quality  and  quantity  of  the 
work  which  has  been  so  successfully  accomplished  by  Chief  Engineers 
Williamson  and  Smith,  and  he  deems  it  proper  to  express  his  high 
appreciation  of  the  very  efficient  manner  in  which  the  work  ha8  been 
done  under  the  direction  of  these  two  officers. 

SGIBNTIFIO  BESEABGH. 

The  advancement  of  meteorology  as  a  science  and  the  increased  accu- 
racy in  observations  depend,  in  many  instances,  upon  original  investi- 
gations of  new  subjects  or  along  improved  lines  of  research,  and  this 
important  wqrk  ha«  received  every  attention  circumstances  permit.  At 
no  time  in  the  history  of  the  Service  has  the  intellectual  activity  rela- 
tive to  the  duties  of  the  Bureau  been  greater  than  during  the  past  year. 

In  view  of  his  long  service  and  vast  experience  in  the  work  of  this 
Bureau,  and  of  his  standing  as  a  member  of  the  National  Academy  of 
Sciences,  Professor  Cleveland  Abbe  has  been  intrusted  with  questions 
of  scientific  research  with  a  view  to  the  better  prediction  of  storms. 
The  Chief  Signal  Officer  alluded  to  the  ^'  Preparatory  Studies  for  De- 
ductive Methods  in  Storm  and  Weather  Predictions,''  prepared  by 
Professor  Abbe,  in  his  last  annual  report,  and  expressed  the  hope  that 
these  investigations  might  be  of  great  practical  as  well  as  theoretical 
value.  The  absence  of  Professor  Abbe,  at  the  request  of  the  Honor- 
able Secretary  of  the  Navy,  as  meteorologist  to  the  United  States 
Scientific  Expedition  to  the  West  Coast  of  Africa,  has  prevented  further 
work  of  this  character,  and  at  the  end  of  the  fiscal  year  Professor 
Abbe  had  not  returned  to  duty  in  this  office,  nor  had  he  been  able  to 
practically  test  the  accuracy  of  his  '^Deductive  Methods.'' 

Captain  Allen  has  submitted  a  paper.  Appendix  No.  24,  the  result  of 
long  and  careful  investigation,  which  it  is  hoped  will  have  an  important 
effect  in  improving  forecasts  as  to  rain,  bearing,  as  the  memoir  does, 
on  the  relation  of  the  dew-point  to  the  subsequent  movement  of  the 
storm-centre  and  the  extent  of  the  accompanying  rain  area. 

Captain  Dun  woody 's  investigations  are  incorporated  in  the  Monthly 
Weather  Beview,  which  has  been  prepared  under  his  supervision  for 
nine  months  in  the  year. 

Lieutenant  Finley  has  prepared  special  studies  in  relation  to  tor- 
nadoes, and  also  storm-tracks,  fog,  and  ice  tracks  of  the  north  Atlan- 
tic Ocean,  and  hurricane-track  charts  of  the  Gulf  of  Mexico.  These 
important  contributions  have  been  published,  with  the  permission  qC 
the  Chief  Signal  Officer,  as  private  ventures^ 
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The  active  part  taken  by  atmospheric  moistare  in  the  formation  and 
development  of  storms  makes  its  accurate  measarement  of  great  im- 
portance. In  1885  the  dew-point  and  relative  humidity  tables  of  the 
Service  were  revised  npon  the  basis  of  a  large  number  of  careful  ex- 
periments, confined,  however,  almost  wholly  to  temperatures  above  the 
freezing  point.  The  very  low  temperatures  occurring  each  winter  at 
many  stations  of  this  Service  render  an  extension  of  these  tables  in 
this  direction  very  necessary.  The  work,  in  addition  to  a  comparison 
of  the  psychrometer  and  dew-point  apparatus,  involved  also  an  inde- 
pendent determination  of  the  maximum  pressure  of  aqueous  vapor  at 
these  low  temperatures.  These  investigations  necessitated  the  verifi- 
cation and  extension  of  the  elaborate  and  remarkable  work  done  in 
this  direction  by  Hegnault  nearly  fifty  years  since,  and  it  consequently 
required  a  thorough  knowledge  of  physics,  skill  in  laboratory  experi- 
ments, and  unusual  deftness  of  manipulation.  The  Chief  Signal  Officer 
entrusted  this  important  work  to  Professor  C.  F.  Marvin,  who  was 
somewhat  embarrassed  in  his  delicate  experiments  by  want  of  suitable 
conveniences  and  instruments,  and  the  inability  to  have  the  necessary 
special  apparatus  made  by  skilled  instrument  makers.  Professor 
Marvin  was  obliged  not  only  to  make  delicate  apparatus  himself,  but 
to  go  over  and  improve  upon  the  methods  of  his  predecessors,  and  to 
devise  means  and  methods  i'ot  overcoming  difficulties  previously 
viewed  as  insuperable. 

Professor  H.  A.  Hazen  was  detailed  temporarily  as  assistant  to 
Professor  Marvin  in  these  investigations  and  in  connection  with  them 
proceeded  to  northwestern  Minnesota  in  order  that  the  observations 
might  be  made  in  the  extreme  natural  cold  of  winter  in  that  region, 
while  Professor  Marvin  continued  his  laboratory  experiments  in  the 
central  office.  While  in  Minnesota  Professor  Hazen  supplemented  his 
work  of  vapor  pressures  by  making  valuable  sets  of  comparisons  be- 
tween values  of  the  dew-point  obtained  by  psychrometrical  observa^ 
tions  with  those  obtained  by  direct  observations  of  the  Begnault,dew- 
point  apparatus.  The  results  obtained  were  most  satisfactory,  and 
during  the  present  year  Professor  Marvin  will  verify  and  complete  this 
important  work.  The  outcome  so  far  shows  slight  but  systematic 
variations  from  the  values  given  by  Begnault.  An  account  of  these 
original  investigations  will  be  found  in  the  report  of  the  Instrument 
Division,  Appendix  No.  18. 

The  Ohief  Signal  Officer  deems  it  proper  to  acknowledge  the  courte- 
ous co-operation  of  Professor  W.  W.  Payne,  of  Garleton  College,  Min- 
nesota, who  kindly  placed  his  laboratory  at  the  disposal  of  Professor 
Hazen  during  his  experimental  work. 

An  investigation,  perhaps  more  important  from  it«  practical  bear- 
ings, was  also  undertaken  by  Professor  Marvin  involving  the  accurate 
determination  of  the  velocity  of  the  wind  and  more  particularly  its  ac- 
tual pressure  during  its  more  violent  gusts. 
11945  siG 3 
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The  studies  previously  made  of  the  accurate  measurement  of  wind 
movements  were  continued  by  extended  comparisons  of  different  ane- 
mometers, the  results  of  which  have  been  reduced  to  a  new  and  more 
accurate  formula  than  that  heretofore  used.  The  difSculty  and  ex- 
pense of  making  direct  experiments  at  high  velocities  has  limited  the 
work  in  this  direction,  but  it  is  anticipated  the  investigation  will  be 
extended  in  the  future.  The  great  practical  importance  to  engineers 
and  others  of  the  amount  of  wind  pressure  corresponding  to  different 
velocities,  and  the  grave  discrepancies  in  the  results  from  different 
sources,  led  to  a  short  series  of  experiments  upon  wind  pressures  made 
in  the  high  winds  common  to  the  station  at  the  summit  of  Mount 
Washington.  The  value  of  this  investigation  was  the  greater  because 
of  the  direct  manner  in  which  the  problem  was  attacked,  giving  at 
once  the  relation  of  pressures  to  observed  velocities  without  regard  to 
the  imperfect  knowledge  of  the  true  anemometer  formula.  These  in- 
vestigations are  of  such  importance  in  connection  with  the  current 
work  of  this  Service  that  they  are  incorporated  in  this  report  as  Ap- 
pendix No.  25. 

Lieutenant  Glassford  prepared  a  reiK)rt  on  the  climatic  conditions  of 
the  arid  regions,  which  was  submitted  to  the  Committee  on  Irrigation 
of  the  United  States  Senate,  and  also  has  devoted  a  portion  of  his 
time  to  the  preparation  of  a  special  paper  on  climatic  conditions  in 
Arizona,  which  will  form  part  of  the  data  to  be  transmitted  to  Gongress 
under  the  resolution  of  the  House  of  Representatives  of  May  23, 1890. 

Impressed  with  the  number  and  violence  of  destructive  tornadoes 
during  the  past  year,  the  Ohief  Signal  OfBcer  believed  it  a  timely  duty 
of  this  office,  while  investigating  recent  phenomena  of  this  kind,  to  also 
determine,  as  carefully  as  could  be  done  from  existing  data,  the  aver- 
age number  of  tornadoes  in  the  United  States,  the  area  devasted  by 
them,  the  number  of  lives  lost  annually,  and  such  other  information  as 
.might  be  of  current  public  interest.  This  work  was  intrusted  to  Pro- 
fessor H.  A.  Hazen,  who  had  given  much  time  and  attention  to  these 
phenomena  and  had  published,  privately,  several  studies  and  memoirs 
upon  the  subject.  A  special  paper  on  tornadoes,  bearing  directly  on  the 
current  work  of  the  Service,  is  submitted  herewith  as  Appendix  No.  26. 

In  investigating  tornadoes,  great  difficulty  was  experienced  in  accu- 
rately determining  property  losses  or  loss  of  life,  the  difficulty  result- 
ing from  exaggerated  reports  which  are  invariably  spread  over  the 
country  in  connection  with  public  calamities  of  this  kind.  For  instance^ 
the  LouisviHe  tornado  of  March  27,  1890,  was  months  later  reported 
by  the  public  press  to  have  caused  a  loss  of  500  lives  instead  of  135 — 
the  true  number.  Professor  Hazen  divided  the  tornadoes  into  three 
classes:  first,  violent  storms  causing  destruction;  third,  the  moat  se- 
vere tornadoes,  and  placed  in  the  second  class  all  other  known  violent 
storms.  While  there  were  about  one  thousand  tornadoes,  each,  in 
classes  1  and  2,  causing  the  death  of  1,071  people,  an  average  of  oq0 
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person  to  two  storms,  and  a  loss  of  abont  923,000,000  in  property,  yet 
there  were  bat  68  tornadoes  of  a  very  violent  character,  killing  755 
people  and  destroying  property  to  the  amount  of  911,894,700,  an  average 
loss  of  13  lives  and  over  $200,000  of  property  to  each  storm  of  class  3. 

Several  methods  of  determining  the  average  destructive  area  covei:ed 
by  tornadoes  were  tested.  In  one  case  the  result  gives  the  relation 
between  the  total  area  visited  annually  by  violent  storms  of  all  classes 
to  the  area  of  the  state,  with  the  following  result :  In  Alabama,  one 
square  mile  of  limited  destruction  annually  to  each  7,866  square  miles ; 
Arkansas,  one  to  14,418;  Greorgia,  one  to  6,696;  Illinois,  one  to  8,172 ; 
Indiana,  one  to  6,210;  Iowa,  one  to  7,164 ;  Kansas,  one  to  9,720;  Michi- 
gan, one  to  18,396;  Missouri,  one  to  6,336;  Ohio,  one  to  4,554;  Penn- 
sylvania, one  to  9,972;  Wisconsin,  one  to  12,042.  These  figures,  of 
course,  are  not  strictly  comparable,  especially  when  we  consider  the 
state  of  Ohio,  which  has  a  very  large  number  of  intelligent  voluntary 
observers,  on  the  one  hand,  and  Kansas,  on  the  other,  a  state  not 
thickly  settled  in  all  sections. 

Another  plan  followed  was  to  consider  the  area  of  destruction  covered 
in  all  well-studied  and  destructive  tornadoes,  and  then  apply  that  area 
by  weight  to  all  violent  storms  of  each  state.  The  following  table  shows 
the  relative  numbers :  Alabama,  one  square  mile  of  devastation  or 
severe  destriietian  to  each  480,600  square  miles;  Arkansas,  one  to 
712,800;  Georgia,  one  to  504,000;  Illinois,  one  to  185,400;  Indiana, 
one  to  330,000;  Iowa,  one  to  432,000;  Kansas,  one  to  436,500;  Michi- 
gan, one  to  914,400;  Missouri,  one  to  406,800;  Ohio,  one  to  243,000; 
Pennsylvania,  one  to  468,000;  Wisconsin,  one  to  475,900.  These  r^- 
sults  are  materially  different  from  those  first  given  and  they  appear 
more  satisfactory.  Such  methods  of  comparing  destroyed  with  un- 
destroyed  areas  are,  of  course,  incomplete  and  must  be  received  with 
caution. 

It  appears  from  these  data  that  in  no  state  may  a  destruetive  tornado 
be  expected  oftener,  on  an  average,  than  once  in  two  years,  and  that 
the  area  over  which  the  total  destruction  can  be  expected  is  exceed- 
ingly small  even  in  the  states  most  liable  to  these  violent  storms. 
Professor  Hazen's  figures  regarding  the  relation  of  destruction  by  fire 
to  that  of  tornadoes  are  interesting,  and  worthy  of  consideration. 

The  Chief  Signal  Officer  believes  this  matter  of  great  public  impor- 
tance, and  desires  to  impress  upon  the  people  at  large  how  small  are 
the  chances  of  personal  injury  or  loss  of  property  in  this  connection. 

It  is  well  settled,  however,  that  in  the  last  eighteen  years  the  annual 
death  casualties  from  tornadoes  average  102  annually.  While  this  is 
a  large  number,  yet  it  does  not  appear  to  be  as  great  as  the  death 
casnalty  from  lightning,  since  during  the  present  year  ftom  March  to 
August,  inclusive,  there  were  102  lives  lost  by  lightning,  and  in  com- 
piling this  record  the  list  is  incomplete,  especially  as  regards  the 
Southern  States.  It  may  be  safely  assumed  that,  dangerous  as  are 
tornadoes,  they  are  not  so  destructive  to  life  as  thunder-storms. 
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The  Chief  Signal  Officer  invites  attention  to  the  necessity  of  a  re- 
organization of  the  clerical  force  in  the  central  office.  Despite  the 
fact  that  this  Bureau  is  a  technical  one,  necessitating  on  the  part  of 
its  clerks  special  knowledge  and  training,  yet  the  average  pay  of 
clerks  in  this  Bureau  is  f  153  below  that  of  the  average  in  the  various 
bureaus  of  this  Department  and  $87  below  that  of  the  bureau  receiv- 
ing the  next  higher  order  of  pay.  Two  years  since  the  efficiency  of 
the  clerks  of  the  central  office  equalled  that  of  any  other  bureau  in 
Washington,  but  the  depletion  of  this  office  of  its  excellent  men,  by 
direct  transfer  or  resignation  to  accept  appointments  in  other  bureaus 
of  the  Government,  hajs  gone  steadily  on,  and  their  places  have  neces- 
sarily been  filled  by  men  far  below  the  average  standing  of  the  Bureau. 
Within  two  years  this  office  has  lost,  by  transfer  or  by  resignation  to 
accept  more  lucrative  appointments,  28  clerks.  It  naturally  follows 
that  the  efficiency  of  the  Bureau  has  been  materially  impaired.  The 
reorganization  can  be  affected  without  expense  to  the  Government  by 
cutting  off  the  six  copyists  now  receiving  salaries  of  $600  or  9720 
annually  and  adding  this  amount  to  the  compensation  of  other  clerks 
as  an  inducement  to  them  to  remain  in  their  present  positions.  More 
work  will  be  done  by  ten  skilled  than  by  even  twelve  unskilled  clerks. 

The  Chief  Signal  Officer  has  before  invited  attention  to  the  fact  that 
with  one  exception  the  professors  of  this  Service  receive  only  91,800 
annually,  the  compensation  of  a  fourth-class  clerk.  The  duties  of  fore- 
casting and  of  scientiiic  investigation  in  connection  with  the  improve- 
ment of  this  Service  devolve  more  and  more  upon  these  professors,  as 
officers  of  the  Army  who  have  been  employed  in  this  work  are  being 
displaced  in  carrying  out  the  announced  policy  of  Congress  for  a  civil 
administration  of  the  Bureau.  Firstdass  work  can  only  be  expected 
from  men  receiving  proper  compensation.  In  the  opinion  of  the  Chief 
Signal  Officer  the  assistant  professors  of  this  office  should  receive  not 
less  than  $2,400  annually,  and  the  full  professors  $3,000,  with  an  in- 
crease of  8200  for  every  five  years  of  employment.  •  These  salaries  are 
substantially  the  same  as  those  received  by  the  officers  of  the  Army 
who  have  in  the  pa^t  performed  this  work.  It  must  not  be  understood 
that  the  Chief  Signal  Officer  believes  these  to  be  the  highest  salaries 
that  should  be  paid,  for  it  is  evident  that  if  the  professors  in  time  be- 
come very  expert  they  should  be  paid  in  proportion  to  the  value  of  their 
services  to  the  country,  and  receive  the  compensation  now  paid  to  the 
senior  professor  of  this  Service,  94,000. 

I  am,  very  respectfully,  your  obedient  servant, 

A.  W.  GEBELY, 

Chief  ISignal  Offleer. 
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APPENDIX    I* 

REPORT  OF  TBE  OFFICER  li^  CHARGE  OF  THE  DIVISION  OF  MILITARY 

SIGNALING, 

Signal  Office,  War  Department, 

WoBhington,  IK  C,  July  31,  1890. 

Sir:  I  have  the  hoDor  to  submit  the  following  report  of  afihirs  pertaining  to  the  mili- 
tary signaling  division  of  the  office  for  the  year  ending  June  3<),  1890. 

The  Tery  radical  change  made  last  year  in  the  signal  code  from  the  English  to  the 
American  Morse,  instead  of  creating  dissatisfaction  among  those  skilled  in  the  use  of  the 
old  code,  has  met  with  hearty  approval  on  all  sides.  The  new  code  has  been  found  as 
easy  to  memorize  and  retain  as  the  old,  and  nearly  as  simple  in  its  practical  application, 
and  the  tkcst  that,  as  it  is  the  telegraph  code  of  the  country  and  a  signalman  can  be  made 
of  a  telegrapher  wherever  found,  has  seemed  to  outweigh  the  natural  objection  to  re- 
linquishing the  old  and  taking  up  the  new. 

In  consideration  of  the  general  utility  of  a  telegraph  line,  and  because  of  the  satis- 
taetory  manner  in  which  a  knowledge  of  the  code  could  be  obtained  by  practice  over  it, 
the  Secretary  of  War  decided  to  permit  the  equipment  of  all  posts  throughout  the  Army 
garrisoned  by  four  or  more  companies  with  short  practice  telegraph  lines  and  the  neces- 
sary instruments.  In  oonsequenoe,'one  hundred  and  seventy-eight  sets  of  telegraph  in- 
struments, 23  miles  of  wire,  and  other  material,  such  as  connectors,  insulators,  brackets, 
batteries,  etc.,  have  been  supplied,  and  at  several  of  the  posts,  at  which  tel^;Taph  oper- 
ators of  the  service  are  stationed,  these  operators  have,  on  recommendation  of  depart- 
ment commanders,  been  directed  to  assist  the  acting  signal  officers  in  giving  instruction. 

TELEPHONES. 

As  mentioned  in  the  previous  report,  the  service  is  possessed  of  one  hundred  and  nine 
telephones  which  are  distinctly  the  property  of  the  United  States,  but  in  the  transaction 
of  the  business  on  military  telegraph  lines  and  the  equipment  of  rifle  ranges,  it  has  been 
found  that  many  more  instruments  are  needed.  These  can  only  be  procured  by  rental 
from  the  telephone  company  having  the  patent  for  this  instrument.  The  agreement  be- 
tween the  Government  and  this  company  as  to  rental  is  that,  at  an  expense  of  $5,  the 
use  of  a  single  telephone  may  be  had  for  one  year.  There  is  also  an  agreement  that,  at 
an  expense  of  $25,  a  single  instrument  may  be  rented  for  its  life,  which  practically 
amounts  to  a  purchase.  In  procuring  the  extra  supply  needed  for  the  equipment  of 
poets,  the  amount  of  money  available  did  not  admit  of  the  purchase  outright  (life  rental) 
of  a  sufficient  number  to  fill  requirements  and  therefore  the  money  was  apportioned  be- 
tween annual  rental  and  life  rental.  Under  this  division  forty- two  instruments  have 
been  rented  for  life,  and  a  sufficient  number  obtained  by  annual  rental  that  the  rifle- 
ranges  of  the  larger  posts  throughout  the  Army  and  including  the  department  ranges 
oonld  be  equippKl  aiMl  requisitions  from  artillery  posts  designated  by  the  commanding 
general  fiUed  in  a  great  measure. 

The  fidd  tdephone  has  been  perfected  during  the  year  and  will  make  for  the  Army  a 
most  excellent  equipment.  The  complete  instrument  comprises  two  telephones,  two 
transmitters,  one-half  mile  of  double  conductor  wire  with  knapsack,  reel,  and  pouch  for 
carriage  of  the  dry  batteries  and  key.  The  equipment  is  readily  portable  and  if  a  com** 
plete  set  were  furnished  to  each  company  in  the  service  it  would  doubtless  be  applied 
to  most  useful  purposes,  but  unfortunately  the  equipment  is  exceedingly  expensive,  cost- 
ing in  the  nei^borhood  of  $400,  the  telephones  themselves  absorbing  but  a  quarter  of 
th&  sum,  the  greater  part  of  the  balance  being  taken  up  by  the  cost  of  the  light,  pliable, 
strong,  double  conductor,  by  means  of  which  alone  it  is  possible  to  establish  communica- 
tion without  the  delays  for  special  insulation  or  making  ground.  However,  notwith- 
standing its  great  cost,  it  will  undoubtedly  be  necessary  to  supply  this  equipment  with- 
out regvrd  thereto  in  time  of  active  service,  and  although  the  Signal  Corps  now  has  one 
complete  equipment  which  would  serve  as  a  model  for  others,  yet  as  considerable  time 
would  elapse  before  the  construction  of  similar  ones  could  be  completed,  and  also  because 
of  the  experience  that  will  be  gained  by  practice  with  it,  it  is  believed  that  a  small  stock 
of  these  equipments  should  be  procured. 
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HEI^IOGBAPHS. 

The  Army  is  now  pretty  well  equipped  with  service  heliographs,  all  except  the  smaller 
and  leas  important  posts  having  at  least  two,  andmany  of  them  old-pattern  iustraments 
In  addition.  Ten  of  the  new  station  heliographs  have  also  been  procured  and  fnmished 
to  the  Department  of  Arizona.  Except  in  respect  to  minor  details,  which  are  oonstantly 
undergoing  improTement,  the  instrnment  is  practically  perfected,  and  the  character  of 
resnlts  which  may  be  obtained  by  means  of  it  is  well  shown  in  the  concerted  practice  ot 
the  Department  of  Arizona.  The  superiority  of  the  service  instruments  to  those  of  other 
make  arises  in  part  from  the  simplicity  of  our  design  and  the  care  ezerdsed  in  con- 
struction, but  is  due  more  especially  to  the  excellent  quality  of  the  mirrors.  Consider- 
able difficulty  has  been  experienced  in  procuring  those  that  would  meet  the  rigid  test  of 
this  office,  but  the  result  compared  with  that  obtained  from  an  indifferent  mirror  is 
suffipientto  warrant  the  increased  labor  and  expense,  our  small  field  mirror  giving  a 
brighter  flash  than  that  of  the  Mance  with  a  much  greater  reflecting  surface,  a  result 
due  solely  to  difference  in  quality. 

A  special  screen  devised  by  Captain  Allen  has  been  sent  out  to  a  few  of  the  posts 
most  energetically  engaged  in  beliogntphing,  the  necessity  for  a  stronger  device 
having  made  itself  apparent.  The  principle  upon  which  this  screen  is  ooustmcted  is 
rather  more  satis&ctory  than  that  of  the  old,  and  it  is  hoped  by  means  of  it  that  the 
difficulties  inherent  in  the  old  system  may  be  avoided,  but  it  seems  not  improbable  that 
its  rapid  and  direct  action  will  require  some  modification.  The  old  screen  is  practically 
a  rectangular  fan  which  plays  to  and  fro  upon  one  of  its  sides  as  an  axis.  It  is  evident 
that  the  resistance  of  a  strong  wind  will  at  times  become  troublesome,  and  experience 
has  shown  that  the  leverage  of  the  fan,  although  apparently  inconsiderable,  yet  when 
brought  constantly  into  play  during  the  transmission  of  a  message,  is  sufficient  to 
eventually  weaken  the  connection  between  the  vulcanized  fiber  and  its  frame,  the  small 
screws  being  insufficient  to  withstand  the  shock.  In  the  Allen  screen  the  bad  efiect  of 
the  leverage  and  multiplied  shocks  is  overcome,  the  screen  being  designed  to  cut  rather 
than  fan.  Experiments  with  a  double-leaf  screen  have  also  l^n  made,  and  a  few  of 
this  pattern  have  been  sent  out  The  extensive  heliograph  practice  in  Arizona  has  also 
produced  the  natural  result  of  stimulating  the  inventive  genius  of  those  engaged  in  it, 
the  device  of  Captain  Murray  notably,  which  is  somewhat  similar  to  our  double-leaf 
screen,  promising  a  satisfactory  solution  of  the  trouble. 

CONCEBTED  HELIOGRAPH  PRACTICE  IN  THE  DEPARTMENT  OF  ARIZONA. 

The  campaign  of  General  Miles  in  1886  brought  the  work  of  heliograph  signaling  so 
prominently  to  the  front  as  an  adjunct  in  Indian  warfare  that  shortly  after  its  close,  in 
1887,  Lieut.  W.  A.  Glassford,  Signal  Corps,  then  stationed  at  Prescott,  Ariz.,  unwilling 
that  the  interest  in  thia  direction  should  be  suflered  to  die  out  simply  because  imme- 
diate occasion  for  practical  use  for  the  heliograph  bad  ceased,  and  seeing  how  desirable  it 
was  that  the  Signal  Office  should  be  provided  with  information  that  would  enable  it  to 
quickly  establiSi  a  complete  system  embracing  not  only  the  points  covered  in  the  Gero* 
nimo  campaign,  but  others  which  might  be  available  as  heliograph  stations  supplemental 
thereto,  this  officer  traveled  extensively  throughout  the  region  mentioned,  takingnotes 
that  would  guide  in  future  operations.  These  he  subsequently  submitted  to  this  office 
accompanied  by  a  map  depicting  the  relative  positions  of  the  bestpointsavailable  as  per- 
manent stations.  A  copy  of  the  report  and  map  were  subsequently  fnmished  the  com- 
manding officer,  Department  of  Arizona. 

After  the  relief  of  Lieutenant  Glassford  from  duty  in  the  Southwest  little  interest  was 
taken  in  the  matter  till  1889,  when  Maj.  W.  J.  Volkmar,  assistant  adjutant^eneral, 
an  officer  who,  in  his  earlier  service,  had  taken  much  interest  in  the  subject  of  signaling 
and  who  had  not  yet  lost  his  vivid  interest  in  practical  matters,  was  assigned  to  duty  as 
chief  signal  officer  of  the  Department  of  Arizona  and  conceived  the  idea  ofputtinic  to  the 
test  the  practicability  of  covering  the  vital  parts  of  his  department  with  a  system  of 
stations  manned  by  competent  officers  add  men. 

Having  the  full  support  of  his  immediate  commander,  which  enabled  him  to  bring  to 
his  aid  the  resources  of  the  department  and  of  the  Chief  Signal  Officer,  who  placed  at 
his  disposal  the  necessary  equipments  and  instruments,  he  was  in  position  to  make  plans 
on  a  large  scale  and  carry  them  into  practical  execution,  comprehending  an  extension 
of  the  system  previously  operated.  This  was  effected  through  the  energetic  and  intelli- 
gent co-operation  of  the  officers  and  men  in  the  Department  of  Arizona.  Measures  were 
taken,  through  instructions  published  from  headquarters,  to  cause  extensive  reconnais- 
sances to  be  made  for  stations  which  would  not  only  connect  tiie  various  divisions  and 
form  a  general  chain  through  Arizona  and  New  Mexico,  but  would  embrace  outlying 
garriaons  and  important  points  not  on  the  main  line. 
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Most  thorough  reconnaissances  were  made;  the  nigged  country  was soonred  by  officers 
and  men  from  the  various  poets  in  the  department,  oftentimes  nnder  conditions  of  great 
discomfort.  Unnecessary  intermediate  stations  were  eliminated  and  important  new 
ouei'  added,  the  system  of  co-operation  among  officers  in  the  field  being  such  that  they 
not  only  located  stations  by  magnetic  bearings  and  by  reference  to  well  known  points, 
but  sought  out  each  other  and  often  verified  positions  by  flash. 

The  preliminary  work  was  so  thorough  that  the  concerted  practice  following  flur  ex- 
ceeded in  results  anything  heretofore  accomplished  in  thin  country,  or  any  other  so  far  as 
known.  Two  thousand  miles  of  lines  were  operated,  and  the  distance  of  75  miles,  which 
had  previously  ruled  as  the  greatest  rauge,  was  exceeded  by  rangesofSS,  88,  95,  and  125 
miles,  and  a  perfect  network  of  communication  was  maintained  for  two  weeks  over  a 
country  ioconoeivably  rugged  and  broken,  the  stronghold  of  the  Indians  of  that  section. 
The  stations  were  manned  by  33  officers  and  non-commissioned  officers,  and  129  operators, 
and  3,765  messages  were  exchanged,  comprising  92,406  words.  In  fact  complete  andsat- 
isfactory  demonstration  was  made  of  the  possibilities  of  the  instrument,  and  the  helio- 
graph system  of  this  important  section  definitely  marked  out  and  approved,  so  that  its 
reoccupation  in  time  of  necessity  is  now  mainly  a  question  of  transportation. 

The  following  is  a  list  of  the  officers  partidpating: 

Mai.  W.  J.  Volkmar,  assistant  acfjutant-genenl,  chief  signal  officer,  Department 
of  Ariaona,  in  charge. 

Lieut.  J.  A.  Perry,  Tenth  Infantry,  aid- de-camp,  assistant. 

Oapt.  C.  H.  Murray,  Fourth  Cavalry,  superiutendent,  Arizona  system. 

Lieut.  H.  W.  Hovey,  Twenty-fourth  In&ntry,  superintendent.  New  Mexico  system. 


Officers  in  charge. 


Stations. 


Lieut.  L.  D.  Tyson,  Ninth  Infantry 

Lieut.  C.  W.  Fenton,  Ninth  Infantry 

Lieut^  F.  DeW.  Bamsey,  Ninth  Infantry.. 

Sergt.  A.  J.  Robinson,  Ninth  Infantry 

Lieut.  G.  B.  Duncan,  Ninth  Infantry 

Lieut.  C.  Overton,  Fourth  Cavalry 

Lieut.  £.  Wittenmyer,  Ninth  Infantry 

Lieut.  W.  A.  Campbell,  Ninth  Infantry 

Lieut'.  C.  Reichmann,  Twenty-fourth  Infantry... 

Lieut  G.  E.  Stockle,  Tenth  Calvalry _. 

Lieut,  li.  D.  Read,  jr.,  Tenth  Cavalry.. 

Lieut.  H.  C.  Keene,jr.,  Twenty-fourth  Infantry. 

Lieut.  W.  T.  Littebrants  Tenth  Cavalry 

Lieut%  A-  L.  Dade,  Tenth  Cavalry 

Lient^.^M.  R.  Peterson,  Tenth  Infantry 

Lieut' J,  M.  Noall,  Fourth  Cavalry 

Rergt  E.  M.  Griffin,  Fourth  Cavalry... _. 

Lieut  F.  H.  Albright,  Ninth  Infantry.. 

Lieut  W.  H.  Hart,  Fourth  Cavalry _. 

8ergt  P.  Bartsch,  Fourth  Cavalry 

Gorpl.  L.  P.  Gouldman,  Fourth  Cavalry 

Lieut  G.  H.  G.  Gale,  Fourth  Cavalry 

Lieut  C.  D.  Rhodes,  Sixth  Cavalry 

Lieut.  William  Black,  Twenty- fourth  Infantry. . 

Lient  J.  D.  Leitch,  Twenty-iburth  Infantry 

Sergt  D.  J.  Dolsen,  Sixth  Cavalry 

lient  R.  B.  Paddock,  Sixth  Cavalry  .— 

Lieut  A.  W.  Brewster,  Tenth  In&ntry 

Lient  J.  J.  Pershing,  Sixth  Cavalry _._ __. 


} 
} 


} 


} 


Whipple  Barracks. 
Bald  Mountain. 
Fort  Verde. 
Squaw  Peak. 
Baker's  Butte. 
Mazatzal  Peak. 
Mount  Heno. 
Fort  McDowell. 

Lookout  Peak. 

Pinal  Mountains. 

Table  Mountain. 

Mount  Graham. 

Bowie  Peak. 
Stein's  Peak. 
Fourr's, 
Fort  Huachuca. 

Colorado  Peak. 

Fort  Lowell. 
Camp  Henely. 
Fort  Bayard. 
Fort  Cnmrainga. 
Rincon. 
San  Andreas. 
Sierra  Blanca. 
Fort  Stanton. 


Many  interesting  reports  relating  to  the  practice  have  been  received  and  will  soon  be 
pnblished  in  pamphlet  form  with  map  showing  the  location  of  stations,  etc  These,  be- 
sides setting  forth  in  an  entertaining  manner  the  operations  of  the  line,  give  much  in- 
formation which  is  of  special  value  to  this  office  as  bearing  directly  upon  the  construc- 
tion and  improvement  of  instruments  and  articles  of  the  equipment 
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During  the  year  257  requiaitioiis  for  signal  equipments  and  stores  have  been  reeeited. 
In  filling  these^  reference  has  been  had  to  the  consolidated  Department  reports  of  needs 
at  the  various  poets,  the  surplus  at  some  of  them,  and  the  material  rendered  available 
by  the  abandonment  of  others.  With  management,  most  of  the  important  requisitions 
have  been  filled,  but  the  more  liberal  appropriations  for  the  present  year  will  enable  the 
division  to  consider  its  estimates  with  much  greater  regard  lor  the  interest  of  the  service 
than  was  possibly  under  the  paring  and  clipping  methods  heretofore  neoeasary. 

In  the  rendition  of  returns  by  acting  signal  officers,  many  inappropriate  forms,  the 
legacy  of  war  times  and  more  cumbersome  methods,  were  found  to  be  in  use.  It  was 
very  obvious  that  an  improvement  in  this  direction  could  easily  be  made,  and  the  assign- 
ment of  a  board  of  officers,  by  the  War  Department,  to  the  task  of  revising  the  forms  ot 
all  the  bureaus,  gave  the  opportunity  for  ^pensing  with  some  and  remodeling,  cooaoli- 
dating,  and  substituting  others,  and  in  consequence,  instead  of  the  necessity  lor  select-, 
ing  from  the  hundreds  of  forms  used  by  this  Bureau  fifteen  or  twenty  of  such  as  seem 
to  have  a  bearing  in  a  military  way,  althoogh  in  some  instances  originally  designed  per- 
haps for  other  uses,  it  was  found  possible  to  comprise  in  seven  forms  everything  ade- 
quate for  the  care  of  property,  reporting  of  instruction,  etc.  One  of  these  forms,  the 
new  message  blank,  is  worthy  of  mention.  It  is  so  designed  that  compliance  with  the 
requirements  indicated  upon  it  will,  in  a  great  measure,  if  not  entirely,  avoid  the  com- 
plications experienced  during  the  late  war  from  lack  of  precision  in  recording  times, 
places,  and  circumstances  connected  with  the  sending  and  receipt  of  important  dispatches. 

The  forms  now  in  use  and  the  allowance  of  stationery  are  designated  in  the  following 
instructions. 


tlnstruotions  No.  1.]  SlQNAL  OFFICE,  WaB  DEPARTMENT, 

Wanhinffton,  January  2,  1690. 

I. —The  reports  and  returns  required  from  acting  signal  officers  under  the  regulations 
are  rendered  on  blank  forms  furnished  by  this  office. 

Such  forms  will  be  supplied  on  proper  requisitions  as  they  may  be  required,  and  the 
annual  allowance,  under  ordinary  circumstances,  will  be: 

Eight  forms  No.  1  A,  Return  of  Signal  Property. 

Eight  forms  No.  2  A,  Invoice  of  Signal  Equipments  and  Stores  Transferred. 

Eight  Forms  No.  3  A,  Receipt  for  Signal  Equipments  and  Stores  Transferred. 

Eight  forms  No.  4  A,  Certificate  of  Signal  Stores  Expended. 

Four  forms  No.  5  A,  Special  Requisition  for  Signal  Equipments  and  Stores. 

Twelve  forms  No.  7  A,  Report  of  Instruction  and  Practice  in  Military  Signaling. 

(Forms  No.  6  A,  Message  Blanks,  are  supplied  with  the  stationery.) 

II. — Stationery,  varying  in  quantity  with  the  strength  of  the  command,  as  set  forth 
in  the  accompanying  table,  will  be  supplied  without  requisition  to  acting  signal  officers 
at  military  posts  on  the  Ist  day  of  January  and  the  1st  day  of  July  of  each  year. 


Strength  of  gar- 
rison. 


Companies: 
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3. 
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The  new  blanks  designed  for  the  complete  and  aocaiate  xeooid  of  dispatches  are  boand 
in  pacluiges  of  50  in  sacb  manner  as  to  be  readily  detachable.  The  foUowing  is  a  copy 
of  this  blank: 


rPront.1 

(FosM  KowS  A.)  [MnsAGK  Blank. 

Wab  Dbpabthbht.  Biokai.  Oobfs,  U.S.A. 

Stotion, ^ 

D^te ,189  . 


No.  sent,  * 


Check, 


No.  rec'd. 


Timwsent, 

Time  rco'd. 

Sent  by 

Rec'dby 

Undersoore  mode  of  communication :  Tele* 
gmph«Te1ephone,  Plas:,  Torch,  Heliograph,  lan- 
tern, Courier. 


(PImoe,). 

(DiUe,). 


To. 


189  . 


[Back.] 

imrxucnoHs. 

1.  This  blank  will  be  used  fordeld  »,..,.p,^«., 
both  sent  and  received.  In  time  of  active  operar 
tions  exact  duplicatesof  all  important  dispatches 
will  be  taken  by  means  of  carbon  paper. 

2.  The  sending  operator  will  enter  name  of  hi* 
gtation,  dal€^  number  «mf,  linie  of  reoeM  of  mee- 
•age^  time  ««nf,  by  tehotn  sent,  and  eftedl  (number 
ot  words  or  groups  of  cipher  in  body  of  mes 

?  To  transmit  a  message  the  operator  will 
send — 1st,  number  of  mesaage  and  *'oall  letter'* 
of  sending  station ;  2d ,  operator*«psrsoaal  eigmal ; 
3d,  the  check ;  4th,  place  from  and  date ;  5th,  od- 
dresainfittl:  6th,  period  (address complete);  7th, 
body  of  meeeag^;  Sth,  8ig.  (signature  iollows); 
9th,  eignaiure. 

4.  The  receiving  operator  will  add  to  the  mes- 
sage received  the  tnon</^,  date,  and  year,  and  omU 
the  abbreviation  **^.,**  and,  after  satisfying 
himself  that  the<^eckand  number  of  words  in 
body  of  message  correspond,  will  give  **  OK." 
followed  by  his  Initials  or  personal  signal.  He 
will  then  enter  name  of  his  ataiion^  date,number 
received^  time  reeefesd,  and  by  whom  reeeiived. 

5.  Offleial  and  military  messages  have  prece- 
denceontheOovemmenttelegraphlines.  Com- 
munications transmitted  by  telegraph  orsignals 
areal  ways  eon  Aden  tial,  and  will  only  be  revealed 
to  those  officially  entitled  lo  receive  them.  A.  R. 
1760. 


The  following  is  the  new  form  of  instmction  and  piaetioe  in  military  signaling 
adopted  by  the  Army  board: 


Wab  Depabtbixnt,  Siokal  Cobps,  U.  S.  a. 


Ripori  of  IndruetUm  amd  Praetiee  tit  Military  Signaling  at  • 

,  dwring  the  month  of ,  18- 


-,in  ike  Department  qf 


Officers  and  enlisted  men  under 
instruction. 

Number  of  hours  of 
preliminary  instruc- 
tion, a 

Number  of   hours  of    field 
practice,  b 

O 

c 

• 

Remarks. 

(In  this  column  will 
be  noted  reasons 

Day  practice. 

Night  practice. 

for  changes  in  the 
detail,  practical 
use  made  of,  and. 

Company  and 
regiment. 

Rank  and  name. 

Flag. 

Helio- 
graph. 

Torch. 

Lan- 
tern. 

in  general,  all 
matters  of  inter- 
est relative  to  sig- 
naling.) 

(Sign  here.) 


A.  8.  0. 


(Indoiaed :)  (Form  No.  7  A.)    Report  of  instruction  and  practice  in  military  signaling  at in 

the  ]>epartment  of  — — —  during  the  month  of ,  18 — .    To  be  rendered  to  the  Chief  Signal 

Officer,  through  department  commanders,  at  the  close  of  each  practice  month,  as  required  by  A. 
B.  1761.) 

a  Preliminary  instruction  will  be  given  in  the  alphabetand  conventional  signals,  method  of  open- 
ing oommonication,  transmitting  and  recording  messagrs,  duties  of  signal-men  at  terminal  and 
intermediate  stations,  use  of  cipher  disk,  composition,  method  of  adjustment,  and  use  of  the  field- 
glass,  telescope,  and  heliograph,  and  praotioe  with  wand  at  high  rate. 

6Praoticewithflag,  torch,  heliograph,  and  fiash-lantem  should  begin  at  short  range  between 
terminal  stations  In  both  sending  ana  receiving;  terminal  stations  should  then  be  located  so  as  to 
reaoire  the  use  of  one  or  more  Intermediate  stations,  and  thereafter  the  distance  should,  as  pro- 
flsMnogr  isaoqoired,  be  Jnnteassil  uatU  snoki  image  to  attained  as  loiieoealtate  the  mosi  oareftalusee 


\ 
I 
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Daring  the  year  a  practical  demonstration  of  a  new  means  proposed  for  oommonicat* 
ing  between  ships  was  witnessed.  The  device  consists  of  a  species  of  magic  lantern  by 
which  letters  of  enormoos  size  are  thrown  upon  the  sails,  words  being  spelled  ont  with 
considerable  rapidity.  The  brightness  of  the  letters  depends  oa  the  illnminating  power 
of  the  light  nsed,  their  size  being  in  proportion  to  the  distance  of  the  instrament  from 
the  screen.  A  test  of  its  utility  for  short  distances  was  made  between  the  Washington 
Monument  and  Fort  Myer,  the  letters  being  plainly  visible  over  this  range.  The  app»- 
ratos  worked  well,  bat  is  somewhat  unhandy,  and  the  necessity  for  the  nse  of  acaldnm 
or  other  strong  fight  involving  the  manipulation  of  gas,  is  decidedly  against  its  being 
adopted  for  general  use. 

A  pair  of  French  signal  lanterns  (the  Mangin),  a  small  foreign  signal  lantern  for  the 
nse  of  first  sergeants  of  companies,  and  a  flash  lantern  of  English  nwke  are  now  in  pos- 
session of  the  oflSce.  They  have  been  overhauled  and  tested,  bat  each  was  Ibnnd 
objectionable  in  one  or  another  respect,  and  to  avoid  the  defective  features,  this  service 
has  had  two  flash  lanterns  designed  to  not  only  replace  the  torch  as  a  portable  night 
equipment,  but  to  effect  a  considerable  increase  of  range  and  saving  of  mannal  labor. 
These  instruments  were  sent  to  the  troops  in  the  West  for  test,  and  while  not  wholly 
satisfactory  in  mechanical  details,  it  is  believed  they  contain  the  germs  of  what  will 
eventually  become  the  night  signal  equipment. 

Eight  models,  similar  to  which  it  is  probable,  future  supplies  of  field  glasses  will  be 
obtained,  have  been  selected  by  a  board  of  officers  from  137  samples  submitted  by 
dealers  at  home  and  abroad.  These  models  necessarily  vary  in  respect  to  relative 
properties  of  power,  field,  light,  and  definition,  hot  in  their  respective  classes  are  good 
representative  instruments.  Two  of  them  ar^  very  superior.  Recent  reduction  in  the 
cost  of  aluminium  make  it  possible  that  a  portion  of  the  better  glasses  to  be  supplied  to 
the  Army  can  be  obtained  in  this  metal,  and  the  objectionable  feature  of  weight  will  be 
nearly  eliminated. 

The  commanding  general  has  authorized  the  detail  of  a  signal  officer  to  Fort  Riley  for 
the  purpose  of  giving  instruction  relative  to  the  maintenance  of  communication  by  sig- 
nals and  the  use  of  instruments  and  devices  by  means  of  which  it  is  accomplished.  It  is 
a  matter  of  congratulation  that  the  facilities  of  a  post*andthe  services  of  a  special  officer 
are  made  available,  as  not  only  will  greater  uniformity  in  instruction  and  practice  result, 
but  it  will  be  possible  to  more  effectively  make  practical  test  of  the  difierent  parts  of  the 
equipment  now  in  the  experimental  stage,  and  to  take  better  care  of  the  larger  and 
more  valuable  articles  of  the  field  train,  the  necessity  for  some  action  to  this  end  being 
only  too  apparent,  the  shed  at  Washington  Barradcs  containing  the  lance  trucks,  battery 
and  wire  wagons,  and  the  portable  tower  affording  only  partial  protection  from  sun  and 
rain,  and  being  liable  to  inundation  firom  the  Potomac,  the  water  at  one  time  rising  so 
high  that  lances  floated  from  the  truck. 

Valuable  reports  have  been  received  during  the  year  relative  to  signaling  and  kindred 
subjects  abroad.  The  number  of  books,  pamphlets,  reports,  etc ,  bearing  on  these  ques- 
tions has  grown  to  such  proportions  that  to  render  their  instant  utilization  practicable 
the  preparation  of  an  index  of  sabjects  has  been  undertaken. 

Instruction  and  practice  in  signaling  was  carried  on  at  military  posts  under  provision 
of  paragraph  1761,  Army  Regulations.  From  reports  received  the  maximum  number  of 
officers  under  instruction  daring  any  one  month  was  73  against  51  during  the  preceding 
year,  while  that  of  enlisted  men  was  1,087  against  715.  and  these  ratios  were  maintained 
for  over  five  months. 

This  stimulus  in  instruction  is  due  to  the  fact  that  to  have  acquired  the  new  code  is 
to  become  possessed  of  an  accomplishment  valuable  as  well  outside  as  in  the  Army,  to 
the  erection  of  telegraph  practice  lines,  to  the  fact  that  the  charge  of  matters  has  been 
placed  vdthin  the  hands  of  department  commanders,  and  the  Inspector  Qeneral  has  em- 
braced the  subject  among  those  to  be  inquired  into  by  his  department. 

The  character  of  requisitions  received,  the  reports  of  instruction  and  the  request  for 
information  show  that  interest  in  signaling  has  in  no  wise  abated,  if  it  has  not  actually 
received  more  attention  than  formerly. 

At  Fort  Monroe  signal  operations  were  conducted  in  connection  with  artillery  practice, 
the  acting  signal  officer,  Washington  Barracks,  reporting  in  connection  with  BaUeries  K 
and  L,  Third  Artillery,  that  the  service  rendered  by  the  non-commissioned  offloen  and 
instructed  privates  in  signaling  and  receiving  messages  by  flag  was  so  efficient  and  exact 
that  it  was  found  unnecessary  to  make  use  of  the  instructed  telegraphers  in  the  batteries. 
Angles  were  received  at  the  observation  house  faster  than  they  could  be  plotted,  under 
all  conditions  of  weather,  and  with  scarcely  an  error  during  the  entire  practice. 

At  Fort  Adams  a  great  deal  of  similar  work  was  done  during  the  target  season. 

At  Fort  McHeniy,  during  the  bombardment  in  September,  communication  was  main- 
tained daily  by  signaling  between  the  fort  and  the  war-ships  in  the  harbor,  the 
being  received  and  sent  rapidly  and  accurately. 
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At  Fort  Wadaworihoommanicatlon  by  heliograph  was  opened  with  Governor's  Island 
in  January.  . 

At  Plattsbargh  Barracks  practice  with  telegraph  instruments  in  the  company  amuse- 
ment rooms  is  Toiuntary  and  attended  with  good  results. 

At  Fort  McPherson  signaling  by  heliograph  was  had  between  the  post  and  Kenesaw 
Mountain,  a  distance  of  nearly  21  miles. 

Several  of  the  commands  in  the  Department  of  Dakota  (Forts  Keogh,  Assinniboine, 
Maginnis,  Snelling)  practiced  while  in  summer  camp,  on  the  march,  and  during  the 
manenvres  ot  the  troops. 

At  Fort  Yates  the  signal  detachment  was  excused  from  regular  company  drill  on  days 
of  signal  drill,  and  as  a  consequence  took  great  interest  in  the  latter.  The  men  were 
allowed  to  take  fla^s  and  heliographs  to  their  quarters  each  day  after  the  regular  exer- 
cises,  and  by  the  additional  practice  thereby  obtained,  they  have  acquired  a  much  greater 
skill  in  signaling  than  they  could  have  attained  in  the  same  time  by  the  regular  drills 
only. 

At  Fort  D.  A.  Knssell  the  interest  in  telegraphy  is  so  great  that  several  of  the  men 
have  purchased  instruments,  etc.,  at  their  own  expense. 

At  Camp  Schofield  the  signal  detail  did  signal  work  during  the  maneuvers. 

At  Fort  Gibson  great  interest  is  shown  in  telegraphy,  and  at  Fort  Ringgold  practice 
in  this  branch  is  had  by  members  of  the  signal  class  who  volunteer. 

The  troops  in  the  Department  of  the  Columbia  had  signal  practice  during  the  fall  ma- 
neuvers at  Camp  Umatilla,  and  rendered  valuable  assistance  in  the  field  operations, 
giving  important  information  by  signals  of  the  enemy ^s  position  in  the  sham  battles. 

At  Fort  Btanton  heliograph  practice  was  had  in  July  at  distance  of  20  miles. 

At  Fort  Apache  the  signid  class  was  employed  during  September  in  the  field,  operat- 
ing with  troops  on  practice  marches  in  the  White  Mountains.  Communications  were 
established  with  all  commands  and  detachments  out;  longest  line  worked,  40  to  45  miles. 

At  Fort  McDowell  heliograph  stations  were  established  during  September  in  the  Sierra 
Queho  and  Mazatzal  Mountains  of  the  Tonto  Basin.  Mount  Reno  and  Baker's  Butte 
were  selected  for  oommnnication  between  Fort  Verde  and  San  Carlos.  April  1  to  14  was 
devoted  to.  constant  field  work,  including  heliograph  signaling  and  reconnaissance. 
Greatei^t  distance  signaled  about  40  miles,  from  North  Peaic  to  the  post. 

At  Whipple  Barracks  part  of  the  signal  detail  was  employed  during  September  for 
maintaining  communication  by  heliograph,  fiag,  and  torch  bBtween  the  post  and  two  prac- 
tice camps.  From  April  5  to  9  a  detachment  was  employed'  in  concerted  practice  with 
the  adjacent  post.  Fort  Verde.  The  longest  range  was  between  Bald  Mountain  and 
Baker's  Butte,  a  distance  of  60  miles  air  line. 

At  Fort  Marcy  practice  was  had  with  a  heliograph  (2-inch  mirror)  at  distances  from 
4  to  21  miles.  The  post  has  also  a  telegraph  practice  line  constructed  and  maintained 
at  private  expense. 

The  signal  detail  at  Fort  Bayard  had  practice  during  November  on  all  stations  between 
the  post  and  Huachnca.  During  December  communication  was  suceasfully  established 
with  Fort  Stanton. 

At  Fort  Motlave  practice  in  military  signaling  is  part  of  the  daily  routine.  On  the 
night  of  May  29  communication  was  successfully  established  by  torch  with  a  detachment 
of  Company  A,  Ninth  Infantry,  in  Black  Range,  a  distance  of  22  miles  (the  greatest  range 
attained  with  the  torch  of  which  there  ia  any  official  record). 

The  signal  dass  at  San  Carlos  was  engaged  during  November  m  field  work  and  em- 
ployed in  reconnaissanoes  with  a  view  to  locating  heliograph  stations.  Communication 
was  established  with  the  post  from  the  Triplets,  Mount  TurnbuU,  and  Point  Glassford. 
Daring  December  messages  were  exchanged  over  a  range  of  109  miles  with  several  in- 
termediate stations. 

At  Fort  Grant  the  interest  taken  in  signaling  is  shown  by  the  fact  that  men  volun- 
tarily go  out  and  practice  Sundays. 

At  Fort  Huachuca  messages  were  exchanged  during  March  with  a  signal  party  from 
Fort  Lowell,  stationed  on  Colorado  Peak,  distance  50  miles. 

At  Fort  Verde  a  throush  heliograph  line  was  established  during  March  with  Whipple 
Barracks.  From  April  5  to  9  stations  on  Baker's  Butte  and  Squaw  Peak  were  occupied, 
and  oommnnication  established  with  Lookout  Peak,  Mount  ^eno,  and  Bald  Mountain. 

MILITIA. 

Letters  have  been  received  during  the  year  from  officers  or  those  interested  in  signal 
matters  within  the  National  Guard  of  the  States  of  California,  Indiana,  Massachusetts, 
Michigan,  New  Jersey,  New  York,  Ohio,  Oregon,  and  Pennsylvania,  A  number  of 
these  States  and  some  designated  in  previous  reports  have  carried  their  organization  and 
practice  to  considerable  perfection,  and  have  not  only  made  experimental  demonstJatioQ 
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of  their  ability  to  hold  disfcant  oomrannication,  but  in  some  instances  have  made  use  of 
their  signal  corps  in  execution  of  nianenvers  daring  their  annual  encampment.  The 
National  Gnard  of  New  York  appears  to  have  made  a  success  in  this  direction,  the  assign- 
ment of  a  regular  officer  to  duty  in  connection  with  the  troops  of  this  State  having 
doubtless  stiiifhlated  activity. 

The  details  which  have  also  been  made  of  a  regular  officer  to  similar  duty  with  the 
Ohio  troops  and  of  another  with  the  militia  of  Pennsylvania  will  doubtless  bear  similar 
fruit 

In  consequence  of  the  application  of  the  governor  of  the  latter  State,  Lieut.  S.  Reber, 
Fourth  Cavalry,  has  been  assigned  by  the  Secretary  of  War  to  the  ensampment  of  its 
National  Guard  at  Mount  Gretna,  whose  special  duty  is  to  establish  communication  be- 
tween the  several  headquarters  in  the  camp  and  to  illustrate  the  workings  of  the  various 
devices  of  this  service  and  its  advanced  methods  in  communicating  by  night  and  day. 
f^lags,  torches,  lanterns,  and  heliographs  have  been  supplied  to  illustrate  the  principle 
of  visaal  signaling,  and  line  material  and  instruments  and  the  field-telephone  kit  to 
demonstrate  the  methods  of  establishing  and  maintaining  electric  communication. 

Indiana  has  also  taken  steps  looking  to  thC't^rganization  of  a  signal  corps  and  its 
utilization  during  the  annual  encampment,  the  following  order  having  been  issued  in 
March: 

******* 

**2.  The  commanding  officers  of  the  First,  Second,  and  Third  Regiments  of  Infantry, 
Indiana  Legion,  will  each  detail  a  lieutenant  as  assistant  signal  officer. 

**3.  The  commanding  officers  of  companies  will  each  detail  one  non-oommissioned 
officer  and  six  privates  for  instruction  in  signaling;  such  company  details  must  be  fiUed 
from  those  most  proficient  in  drill  and  knowledge  of  military  duties,  to  be  selected  by  a 
public  examination  or  drill:  Providedy  kowever.  That  wherever  practicable  at  least  one 
man  in  each  company  detail  shall  be  a  practical  telegrapher  or  electrician;  such  detail 
for  instruction  shall  not  excuse  any  one  from  attendance  at  company  drills  or  parades 
or  any  other  company  dnty. 

'*  4.  Previous  to  the  annual  encampment  there  shall  be  chosen  in  each  regiment,  from 
those  selected  for  instruction  in  signaling,  one  lieutenant  and  one  non-commissioned 
officer,  and  from  each  company  one  private,  who  shall  compose  the  signal  c6rps  of  said 
regiment 

**5.  There  shall  also  be  selected  by  examination  during  the  annual  encampment,  or 
immediately  preceding,  a  signal  corps  for  the  Indiana  Legion,  which  shall  be  composed 
of  one  lieutenant,  two  non-commissioned  officers,  and  eighteen  privates,  the  privates  to 
be  selected  equally  from  each  regiment  or  battalion  organization. 

*'  6.  The  names  of  those  detailed  for  instruction  in  signaling  must  be  forwarded  on  or 
before  April  15,  1890,  to  the  a^'utant-general  of  the  State  of  Indiana,  through  the  regu- 
lar military  channels.'' 

*  *  *  *  *  *  * 

Relative  to  the  furnishing  of  equipments  to  the  National  Guard,  it  is  a  matter  of  much 
regret  that  not  only  is  this  service  without  authority  to  issue,  but  the  attempt  of  various 
States  interested  to  secure  legislation  from  the  present  Congress  that  would  enable  them 
to  purchase  from  the  Government  standard  signal  equipments  at  cost  price  was  unsuc- 
cessful, and  the  only  practicable  method  of  putting  signal  equipments  into  the  field  with 
State  troops  is  through  the  assignment  of  a  regular  officer,  who  shall  be  responsible. 
Very  respecttuUy,  your  obedient  servant^ 

R.  E.  Thobcfson, 
FirH  UeuimafUj  8wih  Iufcmtry^  Stgwil  Ofieer. 
The  Chibf  Signal  Offigbb, 

U»  S*  Army* 
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APPENDIX   2. 

REPORT  OF  THE  OFFICER  IN  CHARGE  OF  TELEGRAPH  DIVISION. 

Signal  Office,  Wab  Bepabtment, 

WashingUm  City,  June  30, 1890. 

Sib:  The  officer  in  charge  has  the  honor  to  suhmit  the  following  report  regarding  the 
telegraph  division  for  the  past  fiscal  year: 

PBRSOKNEI^ 

Second  Lient.  James  Mitchell,  Signal  Corps,  signal  officer,  has  continued  in  charge  of 
the  division,  except  dnring  the  month  of  Jaly,  when  he  was  absent  with  leave,  and  the 
duties  were  temporarily  performed  by  Second  Lieat.  Frank  Greene,  Signal  Corps,  signal 
officer. 

The  force  at  this  office,  besides  the  officer  in  chaige,  consists  of  one  sergeant  of  the 
Signal  Corps,  and  eight  civilians. 

Mr.  Etobert  Seyboth,  chief  clerk  of  the  subdivision  embracing  the  administration  of 
the  military  and  sea-coast  telegraph  lines,  has,  as  in  former  years,  rendered  excellent 
service.  His  extensive  knowledge  of  electricity  as  applied  to  telegraphic  work,  his  past 
experience  and  practical  training  as  operator,  repairman,  and  line  constructor,  his  thor- 
ough fiimiliarity  with  the  details  regarding  the  respective  lines,  the  laws  that  govern 
them,  etc.,  and  his  good  judgment,  ability,  and  discretion,  eminently  fit  him  for  the  posi- 
tion; and  the  present  officer  in  charge  takes  pleasure  in  acknowledging  the  value  of  his 
general  services  and  the  excellent  practical  suggestions  ofiered  in  the  interests  of  economy 
and  good  fulministration  on  questions  demanding  executive  action. 

Sergeant  J .  H.  Robinson  has  continued  as  chief  operator.  He  also  is  exoellently  suited 
to  the  position.  His  long  practical  training  and  experience  as  an  operator  in  the  line  of 
his  profession;  his  familiarity  with  telegraph  and  telephone  routes,  customs,  modes  of 
business,  etc. ;  his  knowledge  of  line  construction,  materials,  instruments,  and  batteries, 
and  above  all  his  thorough  acquaintance  with  modes  of  collecting  and  distributing 
weather  reportsand  telegrams,  both  over  military  and  sea-coast  telegraph  linesand  those  of 
commercial  companies,  in  accordance  with  special  agreements;  his  ripe  knowledge  of  the 
necessities  of  the  service  in  connection;  his  good  judgment,  discretion,  and  quickness  of 
perception  that  often  prompt  to  take  advantage  of  modes  of  obtaining  important  reports 
in  times  of  line  trouble,  etc.,  and  his  ability  as  an  accountant,  render  his  services  of 
unusual  value  to  the  corps.  His  conduct  and  general  management,  both  of  the  operat- 
ing-room and  the  work  committed  to  his  charge,  have  been  most  satisfactory. 

The  subordinate  force  of  the  operating-room  consists  of  six  civilian  operators  and  one 
battery  man.  Four  of  the  operators  were  formerly  enlisted  men  in  the  Signal  Corps, 
discharged  in  accordance  with  law  when  the  office  force,  with  a  few  exceptions,  became 
civilian,  who  served  long  and  faithfully,  and  whose  past  experience  and  training  in  Sig- 
nal Service  methods  render  them  the  better  fitted  for  their  present  wurk.  The  two 
others  have  been  assigned  during  the  year  to  replace  men  who  obtained  transfers  to  other 
Government  bureaus,  with  a  view  to  advancing  their  personal  interests 

In  addition  to  their  regular  duties,  the  operators  are  required  to  audit  accounts  for 
tel^raphic  and  telephonic  services,  which  entails  much  labor  and  responsibility.  These 
duties  have  been  materially  augmented  during  the  past  year,  as  the  Western  Union  Tel- 
^;raph  Company,  which  performs  the  greater  part  of  the  telegraph  service,  has  officially 
sign&ed  its  intent  not  to  accept  the  reduced  rates  for  Government  telegrams  annuidly 
fixed,  in  accordance  with  law,  by  the  honorable  Postmaster-General,  and  it  became  ad- 
visable, in  order  to  prevent  complications  regarding  the  expenditure  of  appropriations 
until  a  definite  settlement  is  had  of  the  pending  question  and  to  atlerwards  permit  prompt 
payment,  to  audit  accounts,  both  in  accordance  with  the  new  legal  tariff  and  that  which 
formerly  obtained. 

The  conduct  and  services  of  the  operators  have  been  excellent  throughout  the  year. 
In  this  connection  the  dual  nature  of  their  work  and  also  its  character  deserve  consid- 
eration. As  operators  they  handle  important  public  telegrams,  mainly  regarding  weather 
reports,  the  miyority  in  cipher,  which  require  correctness  of  the  highest  order,  rarely, 
to  their  credit,  making  mistakes,  imd  e^hibitiiig  great  tact  and  skill,  especially  in  modes 
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of  expediting  current  work,  both  in  the  interesta  of  this  Benrice  and  the  public;  for  any 
error  or  delay  in  handling  telegrams  would  cauae  a  corresponding  delay  in  the  issue  of 
the  forecasts  to  the  country,  and  in  the  ordering  of  signals  to  forewarn  of  frosts,  stcvms, 
eta,  and  might  thereby  cause  disaster,  and  often  endanger  life  and  property.  As  ac- 
countants, they  are  charged  with  auditing  billsfor  settlement  of  telegraph  and  telephone 
services,  and  «s  the  amounts  to  be  paid  ranse  from  $8,000  to  $10,000  per  month,  the  re- 
sponsibility in  connection  must  be  obvious. 

The  battery  man  was  assigned  in  that  capacity  on  October  1,  1889,  having  been  pre- 
viously employed  as  a  laborer.  He  has  rendered  good  and  faithful  service,  both  in  his 
proper  sphere,  and  also  in  the  construction  of  office  lines  and  in  matters  of  general  utility 
relating  to  telegraph  work.  His  conduct  has  been  excellent  and  the  performance  of  his 
duty  very  satisfactory. 

The  officer  in  charge  considers' it  his  duty  most  respectfully  to  invite  the  Chief  Signal 
Officer's  attention  to  the  character  of  the  respective  duties  performed  as  above  set  forth,  and 
the  compensation  paid  for  such  services,  eispecially  an  compared  with  that  paid  in  other 
Government  bureaus  for  labor  much  less  important  and  involving  little  responsibility. 
The  importance  to  the  interests  of  this  servioe  of  retaining  men  of  experience  and  ability, 
who  have  been  practically  trained  in  their  duties,  can  not  be  overestimated;  but  it  is  re- 
spectfully submitted  that,  as  has  already  been  proven  by  experience,  transfers  will  be 
sought  and  obtained  to  other  bureaus  offering  better  oppportunities  for  advancement 
except  more  satiafactory  inducements  than  those  that  now  obtain  can  be  offered  in  this 
servioe. 

It  is  worthy  of  note  also  in  this  connection  that  the  operating  force  is  oh  duty  every 
day  in  the  year,  Sundays  and  holidays  included;  though  their  work  on  these  days  has 
been  restricted  by  the  present  Chief  Signal  Officer  to  the  performance  only  of  what  is 
actually  necessary. 

The  force  serving  outside  of  Washington  consists,  at  the  close  of  the  fiscal  year,  of  60 
enlisted  men  of  the  Signal  Corps  and  18  civilians;  all  on  duty  on  the  military  and  sea- 
coast  telegraph  lines.  In  addition  to  their  regular  duties  as  operators  and  repairmen 
they  are  also  utilized  in  connection  with  meteorological  work.  Thirty-seven  of  the  en- 
listed men  and  two  of  the  civilians  perform  the  meteorological  duties  of  second-order 
stations,  which  comprise  taking  and  recording  two  full  observations  daily  and  other  in- 
cidental labor.  Nineteen  enlisted  men  take  and  record  one  observation  daily  and  per- 
form the  minor  labor  in  connection  devolving  on  third-order  stations;  and  4  enlisted  men 
and  16  civilians  make  and  record  one  daily  observation  of  rainfall.  These  employ^ 
have  in  general  performed  their  duties  satisfactorily.  The  enlisted  men  especially  de- 
serve much  commendation.  Most  of  them,  from  the  character  of  their  work,  are  stationed 
at  isolated  points,  where  they  have  long  monotonous  hours  of  duty,  including  every  day  of 
the  year,  though  the  work  is  restricted  on  Sundays  and  holidays  to  only  what  is  necessary ; 
where  only,  as  a  rule,  the  mere  necessaries  of  life  can  be  obtained,  and  often  at  much  per- 
sonal expense;  where  there  is  little,  if  any,  opportunity  for  social  intercourse  or  the  enjoy- 
ment of  even  the  ordinary  comforts  of  life;  and  where,  often  in  the  most  unfiAvorable 
weather,  they  are  subjected  to  personal  hardships  in  making  extended  Ahae  trips  to  keep 
up  communication,  frequently  at  the  risk  of  health,  and  occasionally  even  of  life  itaelf. 
The  value  of  their  services,  both  to  military  and  commercial  interests,  is  well  known  to 
the  Chief  Signal  Officer,  and  needs  no  extended  eulogy. 

The  present  Chief  Signal  Officer  has  already  reduced,  as  far  as  practicable  in  public 
interests,  their  hours  of  labor,  and  otherwise  endeavored  to  ameliorate  their  condition, 
and  will  doubtless  show  them  such  further  consideration  as  may  be  just  and  practicable* 

WOEK  OF  THE  DIVISION. 

The  work  of  the  division  has  remained  substantially  the  same  as  in  former  years,  and 
has  comprised  mainly  the  administration  and  supervision  of  the  United  States  militaof 
and  sea-coast  telegraph  lines,  in  their  maintenance,  operation,  and  repair:  the  test  and 
inspection  of  telegraph  material  and  instruments  purchased  for  the  Service;  the  tele- 
graphingof  weather  reports  and  official  messages  to  and  from  the  central  office  and  to 
and  from  subordinate  centers  for  collection  and  distribution,  and  the  auditing  of  all  bills 
for  services  rendered  in  transmitting  data  by  commercial  telegraph  companies. 

During  the  past  fiscal  year  the  general  telegraph  service  has  been  more  satisfiictory 
than  in  former  years. 

At  the  central  office  alone,  within  the  year,  there  were  received  and  sent  1,200,000 
cipher  words,  comprising  weather  reports,  and  80,000  miscellaneous  telegrams.  There 
were  also  audited  ninety-five  bills  for  telegraph  services,  leaving  about  sixty  additional 
which  have  not  been  presented  for  settlement,  as  several  of  the  companies  decline  to  ac- 
cept the  rates  fixed  by  the  Postmaster-General, 
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OIBOUITB. 

The  drcnit  system,  so  advantageous  in  former  years  to  the  Service  in  transmitting 
weather  reports,  still  obtains,  and  has  been  somewhat  extended  daring  the  year.  By 
this  arrangement,  which  permits  intermediate  stations  to  receive  weather  reports  pass- 
ing between  the  terminal  offices  on  a  circnit,  the  distribntlon  of  reports  is  greatly  ex- 
pedited, at  reduced  labor  and  cost,  as  one  transmission  sapplies  all  intermediate  points. 
There  are  now  twenty-three  circaits  in  operation,  varying  in  length  from  62  to  1,112 
miles,  and  each  designated  by  the  names  of  the  terminal  stations,  as  ** Alpena  and  De- 
troit," ''Cairo  and  St.  Louis,"  etc 

MILITABT  AND  SEA-COAST  TELEGRAPH  LimSS. 

There  were  in  operation  at  the  date  of  the  last  report  1,615  miles  of  military  lines 
and  621  miles  of  sea-coast  lines.  The  policy  of  the  Chief  Signal  Officer  to  discontinne 
these  lines  wherever  commercial  lines  are  ready  to  do  the  work,  or  where  the  lines  are 
no  longer  required  for  strictly  military  purposes,  led  to  the  abandonment  of  355  mUes 
of  military  lines  during  the  year,  as  hereinafter  referred  to  in  detail:  while  the  prospect- 
ive disoontinnance  of  a  number  of  military  posts,  as  contemplated  in  General  Orders, 
No.  43,  Adjutant  General's  Office,  current  series,  will  result  in  the  abandonment  of  263 
miles  of  line  additional  at  an  early  date.  Two  new  lines,  aggregating  87  miles  in  length, 
were  constructed  during  the  year  in  the  interest  of  shorter  and  more  reliable  outlets  for 
existing  lines.  In  both  cases  the  material  was  recovered  from  old  lines,  and  the  work 
of  ooDStrnction  done  by  troops  without  extra  expense  to  the  United 'States.  No  change 
has  taken  place  in  the  mileage  of  the  sea-coast  lines  in  operation  at  the  beginning  of  the 
year,  but  steps  have  been  taken  to  extend  the  San  Francisco — Point  Reyes  line  via  Lime 
Point  and  Tiburon — ^in  accordance  with  an  act  of  Congress  to  that  ^ect. 

The  following  table  shows  the  location  of  the  lines  by  departments  and  coasts,  to- 
gether with  their  length  and  the  changes  during  the  year  : 

I.  MiLiTABY  Lines. 


In  operation. 

Departments. 

July    1, 
1889. 

Jane  30, 
189a 

Changes. 

• 
Dakota 

Miles., 
282 
230 

124 
12 
99 

640 
328 

Mike. 
282 
126 

124 

12 

0 

493 
300 

No  change. 

Abandoned  106  miles,  Fort  Reno  to  Wood- 
ward; built  4  miles,  Fort  Reno  to  £1 
Reno. 

No  change. 

No  change. 

Abandoned  99  miles.  Fort  Klamath  to 
Ashland. 

Abandoned  13u  miles,  Whipple  Barracks 
to  Phcenix;  built  83  miles,  Fort  Apache 
to  Holbrook. 

Abandoned  28  miles,  Fort  Laramie  to  Bor- 
deaux. 

Total  decrease  278  miles. 

Miasoorl 

Texas -— -— 

California.          - 

Columbia 

A riffona     ...       -  ^  -r 

Platte 

Totol 

1,615 

1,337 

II.  SxA-ooABT  Likes. 


Pacific  coast.. 
Atlantic  coast 

Total.. 


158 
463 


621 


158 
463 


621 


11945  SIG- 


No  change. 
No  change. 
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These  lines  are  divided  into  31  separate  circaite,  with  91  offices  and  saboffioes,  of  which 
20  circaitB  and  67  offices  are  aathorized  to  cany  comaieroial  bosiness  at  the  rates  fixed 
by  the  Secretary  of  War,  while  the  remaining  11  sections  and  24  offices  are  mostly  op- 
erated as  telephone  lines,  under  the  immediate  control  of  the  post  authorities,  and  cany 
no  paid  business. 

TXLBOBAFH  SATEB. 

The  business  of  all  Departments  of  the  GoTemment  and  the  personal  mesuges  of  offi- 
cers of  the  Anny,  and  of  such  persona  as  ha^e  been  granted  "  franks"  by  the  Chief  Sig- 
nal Officer,  are  transmitted  free  of  charge  over  the  military  and  sea-coast  lines. 

The  rates  for  commercial  messages  over  these  lines  are  at  present  as  follows: 

On  lines  exceeding  400  miles  in  length,  20  cents  for  each  message  of  ten  words  and  1 
cent  for  each  additional  word. 

On  lines  from  150  to  400  miles  in  length,  15  cents  for  each  message  of  ten  words  and 
1  cent  for  each  additional  word. 

On  all  lines  less  than  150  miles  in  length,  10  cents  for  each  message  often  words  and 
1  cent  for  each  additional  group  of  two  words  or  fraction  thereof. 

The  total  receipts  accruing  to  the  United  States  firom  the  transmission  of  oommeroial 
messages  during  the  year  amounted  to  (7,187.24. 

OFFICEBS  ON  DXHY  WITH  TKLBGSAPH  LDSIBB. 

The  following  named  officers  of  the  Signal  Corps  have  been  in  charge  of  divisions  of 
military  and  sea-coast  telegraph  lines  during  the  year,  viz  : 

Second  Lieutenant  James  A.  Swift,  in  charge  of  lines  in  the  Department  of  the  Co- 
lumbia from  July  1  to  November  2,  with  station  at  Ashland,  Oregon.  In  charge  of  lines 
on  the  Atlantic  coast  from  December  10  to  March  15,  with  station  at  Norfolk.  Va. 

Second  Lieutenant  William  A.  Olassford,  in  charge  of  lines  in  Arizona  Tenitoryfrom 
July  1  to  October  7,  with  station  at  Whipple  Barracks,  Arizona. 

Second  Lieutenant  William  D.  Wright,  in  chaif^e  of  New  England  Division,  sea-coast 
lines,  July  1  to  September  30,  with  station  at  Wood's  Holl,  Mass. 

Second  Lieutenant  Frank  Greene,  temporarily  in  charge  of  lines  in  Texas,  New 
Mexico,  Indian  Territory,  Utah,  Wyoming,  Dakota,  and  Montana  from  Augmit  1  to 
September  30,  station  at  this  office.  Lines  in  Arizona  October  8  to  present  date;  and, 
in  addition,  lines  in  Texas,  Indian  Territory,  and  New  Mexico  since  May  16,  with  station 
at  Whipple  Barracks,  Arizona. 

Second  Lieutenant  John  C  Walshe,  in  charge  of  lines  in  North  Dakota,  Montana, 
Utah,  and  Wyoming,  January  21  to  present  date;  and,  in  addition,  lines  in  Washing- 
ton and  Oregon  since  May  1;  station  at  Bismarck,  N.  Dak. 

Second  Lieutenant  Bei^jamin  M.  Purssell,  in  charire  of  lines  in  Dakota,  Montana, 
Utah,  and  Wyoming,  October  1  to  January  20;  station  at  Bismarck,  N.  D|bk. 

Second  Lieutenant  John  P.  Finley,  in  charige  of  Atlantic  Division,  sea-coast  lines, 
from  October  1  to  December  9;  station  at  Boston,  fdaaa. 

Second  Lieutenant  Joseph  £.  Maxfield,  in  charge  of  Point  Beyes  lines  from  July  1  to 
June  30;  station  at  San  Francisco,  Cal. 

Second  Lieutenant  Frank  W.  Ellis,  in  charge  of  lines  in  Texas,  New  Mexico,  Indian 
Territory,  Utah,  Wyoming,  and  Dakota  from  July  1  to  31,  witii  station  at  San  Antonio, 
Tex.  Lines  in  Texas,  New  Mexico,  and  Indian  Territory,  October  1  to  May  9;  station 
at  Galveston,  Tex.  In  charge  of  Atlantic  Division,  sea-coast  lines,  May  21  to  present 
date,  with  station  at  Norfolk,  Va. 

In  addition  to  their  regular  duties  with  the  lines  mentioned  these  officers  have  been 
engaged  from  time  to  time  in  inspecting  the  various  signal  stations  in  neighboring  States 
and  Territories.  Lieutenant  Greene  was  also  employed  in  supervising  the  recovery  of 
the  material  from  the  abandoned  line  between  Whipple  Barracks  and  Phoenix,  the  con- 
struction of  the  new  lines  from  Fort  Apache  to  Holbrook,  and  the  reconstruction  of  the 
line  between  San  Carlos  and  the  ** Summit" 

OFFICOB  HOUBflL 

To  prevent  unnecesBaiy  duty  by  the  excessive  lengthening  of  office  hours  and  to  estab- 
lish uniform  rules  for  meeting  public  needs,  it  was  ordered  on  December  2  tibat  offices 
on  the  military  telegraph  lines  should  be  open  to  the  public  from  9  a.  m.  to  4  p.  m.  and 
from  7  p.  m.  to  8  p.  m.,  except  on  Sundays  and  holidays,  unless  these  hours  should  be 
temporarily  changed  by  competent  authority  in  cases  of  military  emergency.  (General 
Order  No.  31,  1889. )  On  Sundays  and  legal  holidays  the  hours  of  business  are  restricted 
to  the  minimum  consistent  with  the  public  requirements  on  those  days.  (General  Order 
Na  32,  188a) 
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On  the  8eiMX)a8t  lines  the  regular  office  hoars  were  fixed  to  be  from  8.30  a.  m.  to  7.30 
p.  m.  for  stations  where  two  or  more  men  are  on  duty,  and  from  9  a.  m.  to  4  p.  m.  for 
stations  where  there  is  but  one  man.  In  the  same  order  the  special  duties  pertaixiingto 
stations  on  these  lines  were  redefined,  in  a  modified  form,  to  meet  the  altered  oonditiona 
since  the  original  instructions  were  issued.     (General  Order  No.  6,  1890.) 

YESaXL  BEPOBTS. 

As  it  waa  brought  to  the  attention  of  the  Chief  Signal  Officer  that  operators  on  the  sea- 
coast  lines  were  frequently  called  upon  outside  of  their  regular  office  hours  to  expend 
extra  time  and  labor  in  reporting  passing  yessels,  often  at  unseasonable  hours,  in  the  in- 
terests of  private  corporations  and  individuals,  he  considered  it  but  just  thtft,  while  no 
compensation  should  be  demanded  or  accepted  for  reporting  vessels  during  the  prescribed 
office  hours,  operators  who  choose  to  give  a  part  of  their  own  time  to  this  purpose  should 
be  permitted  to  receive  a  reasonable  remunetation  for  so  doing.  Accordingly  on  Febm- 
aiy  6,  1890,  operators  were  advised  that  they  would  be  permitted  to  make  such  arrange- 
ments with  corporations  and  individuals  regarding  compensation  for  their  extra  time 
and  labor  as  might  be  mutually  satisfactory;  but  that  no  arrangement  should  be  en- 
tered into  or  considered  as  authorized  unless  it  had  first  been  submitted  to  and  approved 
by  the  Chief  Signal  Officer. 

BEF0BT8  OF  FUNDB— 0A8H-B00K& 

In  view  of  the  diminished  cash  receipts  at  most  offices  on  the  mUitaiy  and  sea-coast 
telegraph  lines,  officers  in  charge  were  authorized  on  December  9,  1889,  to  entirely  dis- 
continue, in  their  discretion,  the  weekly  statements  of  funds  (Forms  Nos.  44  and  45) 
from  stations  where  the  receipts  were  known  to  be  small,  and  to  require  them  to  be  ren- 
dered only  at  the  close  of  business  on  the  15th  day  of  each  month  in  other  cases. 

The  methods  of  keeping  cash-books,  and  maintaining  proper  checks  o;i  the  transfer  of 
line  receipts,  were  amended  and  improved  in  the  interests  of  accuracy  and  security  against 
loss  to  the  United  States  from  carelessness  or  otherwise.  (General  Orders  Nos.  12  and 
13,  189a) 

WBBTERN  UNION  TOLLS  ON  OFFICIAL  TELBQBAMS. 

The  Western  Union  Telegraph  Company  having  announced  its  intention  to  decline 
the  rates  fixed  by  the  Postmaster-Greneral,  the  operators  in  charge  of  all  military  offices 
were  instructed  not  to  collect  that  company's  tolls  on  official  messages,  but  to  turn  sudi 
messages  over  to  the  company  for  collection.  This  action  prevented  complication  and 
embarrassment  in  the  settlement  of  transfer  accounts.  (Circular  letters,  Telegraph 
Division,  December  10  and  February  1.) 

BULSS  OOYXBNINa  FBSS  BUSINESS. 

In  connection  with  Circular  No.  19  of  1883,  from  this  office,  providing  for  the  free 
transmission  over  Signal-Service  lines  of  the  personal  messages  of  fdl  officers  of  tile  Army, 
it  was  ordered  on  August  12,  1889,  that  thereafter  free  private  messages  should  only  be 
sent  when  it  could  be  done  without  detriment  to  public  and  paid  business,  and  without 
causing  operators  to  work  extra  hours  or  ask  for  additional  ioroe.  This  action  became 
necessary  on  account  of  the  large  and  increasing  number  of  private  messages  offered  for 
free  transmission  over  some  of  the  lines,  and  to  prevent  interference  with  the  proper  dis- 
patch of  public  business,  and  any  fhrther  increase  in  the  operating  force  not  warranted 
by  the  amount  of  official  or  paid  business.  (Circular  letter,  Telegraph  Division,  August 
12,  1889.) 

GABLE  ABBESTEBS. 

To  better  protect  the  submarine  cables  in  use  by  this  service  from  damage  by  light- 
ning, the  "Swift "  cable  arrester  was  experimentally  replaced  on  a  number  of  lines  by 
a  modified  form  of  the  double  circular-plate  arrester,  with  rubber  rings  and  spider  wire. 
As  the  new  arresters  were  not  distributed  until  last  January,  their  supposed  superiority 
has  not  yet  been  put  to  a  sufficient  number  of  practical  tests  to  warrant  a  final  opinion. 
Reports  will  be  called  for  later  in  the  year,  when  sufficient  data  will  probably  be  avail- 
able to  decide  the  question. 

MILITABY  AND  SEA-COAST  lELEGBAPH  UNBB, 

A  brief  history  and  description  of  the  several  sections  of  military  and  sea-ooast  tele- 
graph lines,  with  changes  since  date  of  last  report,  is  fhmished  as  follows: 


52  EBPOBT  OF  THE  CHIEF   SIONAL   OFFICES. 

MILITABT  LINS8. 

Department  of  Dakota^ — ^No  important  changes  bave  taken  place  in  the  lines  of  this  de- 
partment, bat  steps  haye  beeti  taken  to  abandon  early  in  Jnly  the  180  miles  of  line  £rom 
Fort  Maginnis  to  Kintyre  on  the  discontinuance  of  the  post  of  Fort  Maginnis.  This  will 
close  three  stations,  release  one  Signal  Corps  man,  and  admit  of  the  discharge  of  two 
civilians.  Despite  its  weak  condition,  as  reported  last  year,  the  Fort  Maginnis  line  has 
worked  well,  and  all  faults  occurring  were  repaired  with  commendable  promptness. 

The  Foi-t  Custer  section  received  general  repairs  by  troops  during  Jnly,  when  145  cedar 
poles  were  put  into  the  line.  Two  hundred  iron  poles  are  now  on  the  way  to  Caster 
station,  which  will  probably  suffice  to  put  the  line  in  good  order  for  several  years. 

The  Bismarck-Fort  Tates  line  has  remained  in  efficient  working  order. 

The  Fort  Totten-Oberon  telephone  line  remains  under  the  control  of  the  post  author- 
ities.    It  carries  no  paid  business. 

The  Signal  Corps  observers  at  Forts  Sully,  Buford,  and  Assinniboine  operate  Western 
Union  lines  or  loops  to  the  nearest  commercial  offices,  by  which  arrangement  the  prompt 
transmission  of  '*  signals ''  and  other  official  business  is  secured  without  additional  ex- 
pense. • 

Department  of  the  Missouri. — Owing  to  the  extension  of  a  railroad  line  to  a  point  within 
a  few  miles  of  Fort  Reno,  Ind.  T.,  it  became  possible  to  discontinue  108  miles  of  line 
between  that  post  and  Woodward,  by  building  a  short  line  between  the  post  and  the 
railroad  station  at  £1  Reno,  a  distance  of  about  4  miles.  This  connection  was  completed 
on  April  19,  part  lOf  the  old  line  having  been  dismantled  for  the  purpose  of  supplying 
the  necessary  material.  The  remainder  of  the  line  as  far  as  Cantonment,  62  miles,  was 
turned  over  to  the  Interior  Department  for  the  use  of  the  Indian  Bureau;  and  from 
Cantonment  to  Woodward  the  iron  poles  were  reooveied  by  troops,  and  the  rest  of  the 
material  sold  at  auction.  This  change  divides  the  Indian  Territory  lines  into  two  sepa- 
rate sections,  one  from  Fort  Sill  via  Fort  Reno  td  £1  Reno,  79  miles,  and  the  other  from 
Fort  Supply  to  Woodward,  15  miles.  The  latter  section  has  been  equipped  as  a  tele- 
phone line  and  transferred  to  the  post  authorities,  to  date  July  1,  1890. 

The  Fort  £lliott-Miami  and  Fort  Lewis-Durango  lines  have  remained  in  operation  as 
described  in  the  last  report. 

Department  of  TtTon, — No  change  has  taken  place  except  that  the  Rio  Grande  City 
office  was  moved  to  Fort  Ringgold,  where  the  necessary  accommodations  are  obtained 
without  expense.     The  line  thence  to  Brownsville  has  remained  in  effective  operation. 

The  telephone  line  from  Fort  Davis  to  Marfa  is  operated  under  the  control  of  the  post 
authorities.  The  observer  at  San  Antonio  operates  a  loop  between  department  head- 
quarters and  the  Western  Union  office. 

At  the  request  of  the  department  commander,  approved  by  the  Secretary  of  War, 
sufficient  old  line  material,  instruments,  etc,  were  lurnished  by  this  office  for  the  con- 
struction of  a  line  from  Fort  Clark  to  Spofford  Junction,  a  distance  of  about  10  miles. 
The  shipments  were  ordered  on  June  18. 

Department  of  Calif ornia, — ^The  broken  cable  between  Fort  Mason  and  Alcatraz  Island 
was.  repaired  August  21,  at  a  cost  to  this  Service  of  $275  for  such  appliances  and  skilled 
labor  as  could  not  be  furnished  by  the  military  authorities.  About  one  and  one-half 
miles  of  the  old  cable  was  recovered  at  the  same  time.  The  cable  was  again  broken  on 
November  7  (for  the  sixth  time),  and  in  view  of  the  evident  impracticability  of  main- 
taining a  cable  over  that  route  no  further  attempts  were  made  to  repair  it.  By  employ- 
ing the  Western  Union  operator  at  Tiburon  to  transfer  the  business  for  the  islands  via 
Angel  Island  telegraphic  communication  has  been  maintained;  and  under  the  act  of 
Congress  providing  for  the  renting  of  a  conductor  in  the  Western  Union  cable  across  the 
Golden  Gate,  and  the  construction  of  a  connecting  land  line,  direct  communication  with 
Angel  Island  and  Alcatraz  Island  will  be  restored  at  an  early  date.  The  cable  between 
these  two  islands  was  accidentally  broken  by  an  anchor  on  August  21.  It  was  raised  and 
repaired  at  the  expense  of  the  vessel's  owners. 

Department  of  the  Columbia, — ^The  line  from  Fort  Klamath  to  Ashland,  Oregon,  which 
was  mentioned  last  year  as  requiring  extensive  repairs,  was  abandoned  and  sold  Novem- 
ber 2,  before  any  action  had  been  taken  to  reconstruct  it.  This  resulted  from  the  with- 
drawal of  the  garrison  from  Fort  Klamath.  The  Fort  Canby  section  is  referred  to 
under  sea-coast  lines. 

Department  of  Arizona, — The  operation  of  the  line  from  Whipple  Barracks  to  Phoenix, 
1.30  miles,  was  discontinued  early  last  July,  and  the  line  advertised  for  sale;  but  at  the 
request  of  the  department  commander  the  Secretary  of  War  directed  that  the  material 
be  recovered  by  troops  and  utilized  in  the  construction  of  a  line  from  Fort  Apache  to 
Holbrook.  The  work  of  dismantling  the  old  line  and  constructing  the  new  one  was  done 
by  troops  under  the  supervision  of  Second  Lieut.  Frank  Greene,  Signal  Corps,  and  was 
completed  March  4,  1890.    The  new  line  is  83  miles  long,  and  furnishes  an  additional 
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outlet  for  the  important  posts  on  the  Apache  line.  The  old  line  from  San  Carlos  to 
the  *'  Snmmif  was  dismantled  during  May,  and  rebuilt  along  the  new  road  under  the 
supervision  of  Lieutenant  Greene. 

The  line  between  Fort  McDowell  and  Phoenix  was  equipped  with  telephones  and 
transferred  to  the  post  commander  on  January  1.  This  section,  as  well  as  the  Preaoott- 
Verde  line,  will  shortly  be  diaoontinued  under  the  provisions  of  General  Orders  No.  43, 
/L^jatant-General's  Office,  current  series. 

The  Fort  Lowell-Tucson  telephone  line  continues  in  operation  as  described  last  year. 

The  Fort  Stanton  section,  in  the  District  of  New  Mexico,  has  remained  in  good  work- 
ing order,  although  in  the  absence  of  an  intermediate  rejMiir  station  the  removal  of  or- 
dinary faults  is  apt  to  involve  vexations  delays.  A  quantity  of  new  wire  and  100  iron 
poles  have  been  ordered,  shipped  to  Lava  for  use  in  making  general  repairs,  and  the 
department  commander  has  directed  that  troops  and  transportation  be  furnished  from 
Fort  Stanton  for  that  purpose. 

The  Fort  Union  and  Fort  Wingate  sections  remain  under  the  control  of  the  respective 
poet  commanders. 

Department  of  the  Plaite, — The  repair  station  at  Sweetwater  Bridge,  Wyo.,  on  the 
Fort  Washakie  line,  was  closed  during  August  with  the  concurrence  of  the  poet  com- 
mander, and  the  repairman  moved  to  Fort  Washakie.  Serious  delays  in  making  repairs 
Occurred  during  April  and  May,  owing  to  the  failure  of  the  post  authorities  to  send  out 
repair  parties.  As  the  line  is  maintained  strictly  in  the  interests  of  the  post,  and  with 
the  distinct  understanding  that  repairs  should  be  made  by  troops,  it  is  presumed  that 
those  interests  were  not  of  sufficient  importance  at  that  time  to  demand  more  energetic 
action  in  restoring  communication.  The  suboffice  at  Lander  is  still  maintained  for  the 
benefit  of  the  citizens,  and  without  expense  to  this  service. 

Twelve  hundred  iron  iH>les  have  been  shipped  to  Price,  Utah,  for  use  on  the  Fort  Da 
Chesne  line,  and  the  department  commander  has  directed  that  the  work  of  making  gen- 
eral repairs  be  begun  immediately  on  the  arrival  of  the  last  invoice  of  poles  from  the  In- 
dian Territory;  troops  and  Government  transportation  to  be  furnished  from  Fort  Da 
Chesne.  The  line  has  been  maintained  in  very  efficient  working  order  oonsideringthe 
rough  nature  of  the  ground,  and  its  liability  to  damage  from  cattle  and  freighters. 

The  arrangement  for  the  joint  operation  of  the  Fort  McKinney  and  the  Wyoming  in- 
land Telegraph  Company's  lines  to  Douglas  has  continued  with  &irly  satisfactoiy  re- 
sults. The  company  has  repeatedly  endeavored  to  dispose  of  its  line  to  the  Government 
or  obtain  an  order  thtft  troops  should  keep  it  in  repair.  Neither  position  was  Ihvorably 
considered  by  the  Secretary  of  War.    General  repairs  were  made  by  troops  d uring  April. 

Owing  to  the  abandonment  of  the  post  of  Fort  Laramie,  the  telephone  line  from  that 
post  to  Bordeaux,  Wyo.,  was  discontinued  on  December  4,  1889.  The  iron  poles  were 
recovwed  for  use  on  the  Fort  Dn  Chesne  section  and  the  rest  of  the  material  offered  for 
sale  at  auction. 

The  Fort  Bridjcer  line  will  shortly  be  abandoned  under  the  provisions  of  General  Or- 
deiB,  Na  43,  Adjutant-General's  Office,  already  referred  to. 

SEA-OOAST  UKXS. 

.  Atlantic  Divimon.  — Excepting  the  unavoidable  delays  attending  the  repairs  to  the  Cape 
Charles  and  Nantucket  cables,  there  has  been  but  little  interruption  of  business  on  these 
lines.  Extensive  general  repairs  were  made  on  portions  of  the  Hatteras  line,  including 
the  erection  of  300  new  wooden  poles,  the  stringing  of  25  miles  new  wire,  and  the  length- 
ening of  the  cable  ends  at  Oregon  Inlet  and  New  Inlet.  The  Cape  Charles  cable  failed 
on  September  1,  and  was  subsequently  found  to  have  been  cut  with  an  ax,  presuma- 
bly by  the  crew  of  some  vessel  whose  anchor  had  fouled  the  cable.  Bad  weather  and 
other  causes  prevented  repairs  until  October  20,  when  they  were  skillfully  made  by 
Private  William  Daly  of  the  Kitty  Hawk  station,  at  an  expense  of  $r)85  for  hire  of  boat 
and  appliances,  lo  facilitate  repairs  on  the  Hatteras  section,  an  additional  station  was 
opened  on  the  line,  at  Currituck  Inlet,  North  Carolina,  with  good  results.  It  is  esti- 
mated that  to  put  the  section  in  first-class  condition  100  miles  of  new  wire  and  200 
wooden  poles  should  be  furnished  during  the  coming  year. 

The  Nantucket  lines  have  worked  efficiently,  and  the  expectation  that  the  new  cable 
across  Vineyard  Sound  would  bo  safe  from  damage  by  anchors  has  thus  far  been  fully 
realized.  A  slight  leak  appeared  in  this  cable  during  July  and  was  located  in  the  splice 
near  Gay  Head;  but  communication  was  not  interrupted  thereby,  and  the  splice  was 
made  over  during  August.  The  cable  between  Martha's  Vineyard  and  Nantucket  failed 
on  December  2,  and  was  promptly  repaired  by  Sergeant  Blundon  on  the  15th  day  of  the 
'  same  month.  This  trouble  was  also  found  to  have  been  caused  by  an  old  splice.  A 
discreditable  interruption  of  business  occurred  during  the  latter  part  of  December,  due 
to  the  n^lect  and  incompetency  of  the  Woods  HoU  reimirman,  who  was  promptly  re- 
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duoed  and  transferred  to  another  station.  The  few  iron  poles  that  still  remain  in  nse 
should  be  replaced  with  wooden  ones  daring  the  coming  year;  otherwise  the  section  is 
in  good  condition. 

The  Block  Island  and  Wilmington  sections  have  remained  in  excellent  working  order. 

On  the  Jnpiter  line  occasional  ordinary  repairs  have  been  sufficient  to  maintain  effi- 
cient service;  a  general  trimming  out  of  trees  and  other  foliage  will  probably  be  the  only 
extra  expense  necessary  during  the  coming  year.  Besides  the  three  regular  stations  on 
this  line,  snboffices  have  been  in  operation  for  the  benefit  of  local  interests,  and  without 
expense  to  the  United  States,  at  £au  Gallic,  City  Point,  Bockledge,  Melbonme,  and 
Fort  Pierce. 

Pacific  Divurian, — General  repairs  were  made  on  the  Fort  Canby  section  during  Novem- 
ber, including  the  erection  of  32  new  poles.  The  land  line  has  been  in  good  condition 
since;  and  no  trouble  whatever  has  thus  far  appeared  in  the  new  Columbia  River  cable 
laid  in  1888. 

Owing  to  the  break  in  the  Alcatraz  cable,  as  mentioned  elsewhere,  the  direct  opera- 
tion of  the  Point  I^eyes  line  from  the  San  Francisco  office  had  to  be  discontinued;  but 
the  weather  and  vessel  reports  from  Point  Reyes  were  received  as  usual  by  transferring 
ihem  to  the  commercial  lines  at  Tiboron.  The  deficiency  bill  passed  by  the  present 
Congress  provides  for  the  rental  of  a  conductor  in  the  Western  Union  cable  across  the 
Golden  gate,  and  the  construction  of  a  land  line  connecting  that  cable  with  the  present 
terminus  of  the  Point  Reyes  line.  Work  on  the  latter  is  now  underway,  and  will  restore 
direct  communication  between  the  signal  office  at  tian  Francisco  and  the  light-house  at 
Point  Reyes,  when  completed.  Severe  storms  during  January  did  considerable  damage 
to  the  line,  and  necessitated  general  repairs. 

The  Tatoosh  Island  section  was  kept  in  operation  between  Port  Angeles  and  Neah 
Bay  until  December,  when  the  poor  condition  of  the  line  necessitated  its  provisional 
abandonment  until  the  action  of  Congress  should  determine  either  the  complete  resto- 
ration of  the  section,  including  a  new  cable  to  Tatoosh  Island,  or  its  permanent  abandon- 
ment. A  bill  appropriating  $6,800  has  passed  the  Senate  and  been  favorably  reported 
to  the  House,  which  contemplates  the  renewal  of  the  cable  and  line;  but  it  is  believed 
that  this  sum  will  be  insufficient  for  purchasing  so  heavy  cable  as  the  one  recommended 
by  the  B<Mird,  not  to  speak  of  the  considerable  sum  that  will  be  required  to  rebuild  the 
land  line.  It  has  been  suggested  that  a  wire  span  across  the  narrowest  part  of  the  chan- 
nel (about  three-fourths  of  a  mile  wide  there)  might  be  maintained  in  lien  of  a  cable; 
and  as  the  high  blufis  on  both  shores  afford  superior  advantages,  it  is  possible  that  a 
suitable  structure  could  be  erected  at  a  comparatively  small  cost  to  safely  carry  a  proper 
conducting  wire  under  ordinary  conditions  and  without  interfering  with  the  navigation 
of  the  channel.  Whether  the  span  would  also  withstand  the  violent  wind-storms  for 
which  this  locality  is  noted,  especiallv  during  winter,  if  coated  with  snow  or  sleet,  or 
possibly  spray,  should  the  sag  be  great  at  certain  points,  is  a  subject  for  fhrther  consid- 
eration, and  perhaps  experiment;  but  the  plan  might  be  used  as  an  alternative,  espe- 
cially in  view  of  the  small  cost  involved,  should  Congress  fail  to  make  appropriation  for 
restoring  communication  by  cable. 

Respectfully  submitted. 

Jab.  MncHSLL, 
Second  LieutenmU^  Signal  Oorp$^  Iblcgraph  Qficer, 

The  Chiicf  Signal  Offiosb. 
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PENDIX3. 

ANNUAL  BEPOBT  OF  THE  CHIEF  OF  THE  COBBE8P0NDEN0E  DIVISION. 

Signal  Office,  Wab  Dspabtment,  WasMngUm  GUy^  July  1, 1890. 

Sib:  Follo'wmg  is  a  report  of  the  work  of  the  CorrespoDdenoe  Division  for  the  year 
ending  June  30,  1890,  with  information  connected  therewith: 

GEKEBAL  AND  SPECIAL  OBDEBS  Xia,  JBBUED. 

Generad  orders  and  circalars  printed . 42 

Copies  and  extracts  distributed 18,133 

Special  orders  (mimeofl^raphed)  157;  and  6,201  copies  distributed 6,358 

Instmctions  (mimeographed)  49;  and  1,648  copies  distributed 1, 697 

Memorandums  issued,  90;  and  291  copies  distributed 381 

"otal 26,611 

ENLISTMENTS,  DISCHABOES,  EXAMINATIONS  OF  BBOBUTCS,  XTa 

Enlisted  men,  Signal  Corps,  appropriated  for ....-.«  320 

Enlisted  men,  Signal  Corps,  on  July  1,  1889 1 315 

Enlisted  men.  Signal  Corps,  on  June  30,  1890 318 

Discharged  during  year  on  account  of— 

Expiration  of  term . —  46 

Their  own  applications 23 

Unsatisfactory  conduct 6 

Died  during  the  year - - —  7 

Be-enlisted  immediately  after  discharge . 41 

Out  of  Signal  Service  for  some  time,  who  sought  and  obtained  re-enlistment 7 

Recruits  enlisted    . - 37 

Promotions  during  year . . 60 

Keductions  during  year 6 

AppUcants  for  enlistment  during  year 311 

Guididates  who  were  examined,  as  to  education — 

Passed 43 

FaUed 25 

MU8TEB  BOLLS,  BSTUBN8,  VOUGHEBS  FOB  PAT,  Sia,  FBEPABBD. 

• 

Muster  rolls,  enlistment  returns,  signal  officers'  returns  (shpets) 336 

Enlistment  papeis « 170 

Discharge  certificates ... 76 

Furloughs 16 

Finalstatementaof  pay,  etc,  of  enlisted  men  discharged 164 

Vouchers  for  pay  and  commutation 7,680 

Card  records  of  ciyilian  employ^  and  enlisted  men,  on  which  are  entered,  for  ready 
reference,  jottings  of  everything  relating  to  the  efficiency,  etc.,  of  each,  have  been  kept 
up. 
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Absenob  of  Employes,  Signal  Officb,  Washington  Cmr. 


• 

Average 
number. 

Total  absence. 

Avenge  abienoe. 

Employ^ 

With 
leave. 

On  accoant 
of  sickness. 

With 
leave. 

On  account 
of  sickness. 

Male  ._ 

148 
20 

Days, 
4,039 

628 

Days. 
877 

174 

Days, 

24.45 
*24.60 

26.17 
♦25.50 

Days. 
5.28 

Female  ----- .    ,   -. 

♦4.50 
7.25 

♦11.00 

Thexe  was  a  total  absence  of  30}  days  without  pay  (351  days  in  1888-9). 


WAB  RECORDS. 

From  January,  1882,  to  Jun<9  30,  1889,  466  calls  were  received  and  T^K>rted  on,  in 
cases  of  claims  for  pensions,  etc ;  61  calls  were  received  and  reported  on  during  the  past 
year. 

The  preparation  of  a  military  history,  or  card  containing  a  synopsis  of  everything  of 
record  in  this  office,  for  every  officer  and  man  in  Signal  Service  during  the  war-was 
nearly  completed  the  past  year;  but  the  necessity  of  devoting  all  available  clerical  force 
to  examining  several  hnnc&ed  thousand  letters,  vnth  a  view  to  sale  of  the  worthless  for 
waste  paper,  required  by  recent  action  of  Congress,  will  necessitate  a  temporary  sus- 
pension of  this  work.  It  will,  however,  be  completed  during  the  current  year,  proba- 
bly. As  an  instance  of  the  facility  with  which  information  in  such  cases  can  now  be 
secured  and  furnished,  reference  is  made  to  the  fact  that  on  one  occasion  during  the 
year  two  calls  for  reports  were  received  from  the  Adjutant-General'R  Office,  in  the 
mail  at  9  o'clock  a.  m.,  and  at  10  o  dock  the  same  morning  both  were  returned  with 
a  report,  in  each  case,  of  the  facta  of  record  in  this  office  as  to  the  war  service  of  the  men. 
Report  is  made  in  every  case  within  twenty-four  hours  (where  Sunday  or  holiday  does 
not  intervene)  of  date  of  receipt  of  the  call  for  information. 

BUSINESS  METHODS— OLEBKS. 

During  the  year  every  effort  has  been  made  to  do  the  clerical  work  in  a  manner  ap- 
proximating, in  so  far  as  safety  to  the  Government  interests  will  allow,  the  simple  and 
expeditions  course  pursued  by  private  individuals  who  are  forced  to  consider  the  cost. 
It  is  not  considered  necessary  to  give  particulars  of  the  changes  in  details  made  with 
this  object;  but  the  extent  to  which  the  effort  has  been  successful  is  indicated  by  the 
fact  that  but  half  the  time  of  one  clerk  has  been  taken  in  preparing  the  vouchers,  etc, 
for  the  pay  of  enlisted  men  (covering  nearly  half  of  the  total  disbursements  for  the  serv- 
ice), and  the  additional  fact  that  three  clerks,  named  below,  could  be  spared  from  a  di- 
vision which  has  been  undergoing  gradual  reduction  for  some  years  past.  The  neceaaitj 
for  the  improvement  in  this  direction  is  forcibly  brought  to  mind  by  the  authorisation 
by  Congress  of  the  sale  as  waste  paper  of  certain  useless  documents  in  the  Departmental 
under  which  about  60D,000  letters  received  in  this  office  will  be  selected  lor  disposal  as 
no  longer  of  value.  A  low  estiniate  of  the  cost  to  the  United  States  of  the  mere  clerical 
work  of  briefing  and  recording  the  briefs  of  these  letters,  as  distinct  from  the  cost  of  con- 
sidering and  ordering  action  thereon,  would  place  it  above  $  100, 000.  Most  of  this  money 
was  uselessly  expended  under  a  system  by  which  papers  on  thQ  most  trivial  subjects  were 
carefhlly  and  elaborately  briefed  and  recorded.  This  expensive  and  profitless  system 
was  discontinued  in  this  office  in  1887. 

In  this  connection  it  is  considered  proper  to  remark  that  the  best  work  can  be  ex- 
pected only  from  clerks  who  are  well  paid.  It  is  well  known  that  the  rates  of  pay 
are  lower  in  this  office  than  in  other  bureaus  and  departments;  hence  dissatisfaction 
and  a  constant  desire  to  get  transferred  exists.  There  are  clerks  in  the  correspondence 
division  worth  more  than  the  $1,200  per  annum  they  receive.  It  would  be  to  the  in- 
terest of  Uie  Government  to  give  them  better  salaries;  for,  no  matter  how  dose  the  saper- 

*  Avenge  for  pnoodlng  year  (1888-89). 
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vision  of  the  chief,  underpaid  clerks  can,  and  sometimes  do,  perform  their  work  in  a 
perfonctoiy  and  indifferent  manner.  Knowing  that  on  account  oi  their  experience  as 
clerks  they  can  readily  secure  the  same  rate  of  pay,  with  prospects  of  advancement,  in 
other  bureaus,  there  is  no  means  of  exacting  better  work,  as  the  option  of  resigning 
and  securing  appointment  elsewhere  is  always  open.  On  the  other  hand,  if  paid  salaries 
equid  to  those  in  other  Departments,  they  would  repay  many  fold  the  increase  of  salary 
by  a  hearty  and  interested  performance  of  duty.  The  fear  of  reduction  or  dismissiid 
could  be  brought  to  bear  on  the  very  lew  who  would  require  such  treatment  to  exact 
the  veiy  best  work  they  are  capable  of. 

lliree  efficient  clerks  were  lost  (two,  M.  F.  Holland  and  G.  H.  Davis,  by  resignation, 
and  one,  J.  D.  Parker,  by  transfer  to  Accounts  Division)  by  the  division  during  the 
year.  They  have  not  been  replace  Of  those  now  in  the  division  5  were  not  absent 
on  account  of  sickness,  and  the  other  5  only  46^  days,  an  average  for  the  whole  of  4.65, 
which  is  below  the  general  average. 

The  undersigned  continued  in  charge  of  the  division  daring  the  year. 

LBTTKBS  BECETVED  AND  LETTEBS  SENT. 

A  card-index  system,  in  place  of  Letters  Received  Becord  books,  for  the  important 
letters  in  Correspondence  Division,  was  commenced  on  January  1st,  and  work  under  it 
is  done  more  expeditionsly  and  economically. 

During  the  year  19,938*  letters  received,  including  indosures,  and  32,871  letters  sent 
were  entered  and  copied,  eta,  respectively,  in  the  Correspondence  Division. 

Following  is  the  number  of  communications,  etc.,  sent  from  and  received  in  all  dir- 
isions  of  this  office  during  the  year: 

Communications  received,  including  indosures  and  meteorological  forms..  289, 325 

CommanicatioDs  sent,  including  orders,  etc.,  distributed 73, 604 

Bulletins,  weather  maps,  and  other  publications  distributed  from  Wash- 
ington..  - - 268,952 

Total - 632,381 

Telegrams: 

Cipher  words  of  reports  sent  and  received 1,200,000 

Tdegmms  other  than  weather  reports  sent  and  received 80, 000 

Very  respectfully, 

J.  B.  McLaughlin, 
Chief  of  Correspondence  Dimsion. 
The  Chief  Clebk,  Signal  Office, 

WashingUm,  D.  C. 
Kespectfnlly  snbnutted. 

O.  A.  Nesmith,  Chi^  CUrk. 
The  Chief  Signal  Officeb. 


Stations  Inspected  dxtbino  Fiboal  Teab  ending  June  30, 1890. 


Stations. 


By  whom. 


Date. 


Albany,  N.Y 

Atlantic  City,  N.  J 

Alpena,  Mich 

Aninniboine,  Fort,  Mont. 
Auburn,  Ala... 


Lieut  J.  P.  Finley,  Signal  Corps. 
— do 


Atlanta,  Ga 

Augusta,  Qa 

Abilene,  Tex 

Boston,  Mass 

BuflWo,  N.Y 

Block  Island,  R.  I... 

Bisnutfok,  N.  Dak 

Bvfiady  Foxt^  N.  Dak 


F.  M.  M.  Beall,  Signal  Corps... 

J.  C.  Walshe,  Signal  Corps 

R.  E.  Thompson,  Sixth  Infka- 
signal  officer. 


Lieut. 
Lieut. 
Lieut, 
try, 
...do 
.-..do 
Lieut, 
lieut. 
...do 

do 

Lieut.  J.  C.  Walshe,  Signal  Coups 
— do 


F.  W.  Ellis,  Signal  Corps  .. 
J.  P.  Finley,  Signal  Corps 


Dec  20-22, 1889. 
Jan.  7, 8,  1800. 
Dec.  5,  6, 1889. 
May  1,  2, 189a 
Feb.  14, 189a 

Feb.  15, 16, 1890. 
Feb.  17, 18. 189a 
Mar.  29, 30, 1890. 
Dec  6-9, 1889. 
Dec  $8-30, 1889. 
Jan.  21,  22, 1890. 
June  13, 14, 1890. 
Apr.  28, 29,  lB9a 
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Stations. 


Baltimore,  Md. 


BrownsTille,  Tex 

Bowie,  Fort,  Ariz 

Chicago,  111 

Coster,  Fort,  Mont 

Cincinnati,  Ohio 


Cleveland,  Ohio ... 
Colnmbns,  Ohio ... 

Cairo,  111 

Do 

Chattanooga,  Tenn. 
Cape  Henry,  Va  -  .. 


Charleston,  S.  C 

Cedar  Keys,  Fla 

Colambia,  S.  C. 

Charlotte,  N.  C 

Colorado  Springs,  Colo 

Cheyenne,  Wyo 

Concordia,  Eans 

Crete,  Nebr 

Colambia,  Mo.. 

Corpus  Cbristi,  Tex  .. 

Detroit,  Mich 

Dulnth.  Minn 

Des  Moines,  Iowa 

Davenport,  Iowa 

Dabuqne,  Iowa 

Dodge  City,  Kans 

Denver,  Colo 

Do 

Davenport,  Iowa 

Eastpoit,  Me 

Erie,  Pa 

EUiott,  Fort,  Tex 

Fort  Smith,  Ark 

Fresno,  Cal 

Green  Bay,  Wis 


By  whom. 


Lieut.  R,  R  Thompson,  Sixth  Infan- 
try, signal  officer. 

Lieut  F.  W.  Ellis,  Signal  Corps 

Chief  Signal  Officer — 

Lieut  F.  M.  M.  Beall,  Signal  Corps... 

Lient  J.  C.  Walshe,  Signal  Corps 

Lieut  R.  B.  Watkins,  Signal  Corps  ... 


..-.do 

—.do .- 

...do 

Lient  F.  R.  Day,  Signal  Corps 

...do 

Lieut 

try, 
.—.do 


R.  E.  Thompson,  Sixth  Infan- 
signal  officer. 


do 
do 
do 


Lieut  F.  R.  Day,  Signal  Corps 

. do 

—do 


.-.do. 

. do. 

Lieut 
Lieut. 
Lieut 
...do. 
....do 


F.  W.  Ellis,  Signal  Corps 

F.  M.  M.  Beall,  Signal  Corps 
J.  C.  Walshe,  Sign^  Corps... 


Grand  Haven,  Mich 

Galpin,  Mont 

Galveston,  Tex 

Harrisbur^,  Pa 

Huron,  S.  Dak 

Helena,  Mont 

Ithaca,  N.Y 


Indianapolis,  Ind 
Jacksonville,  Fla 


Keelei,  Cal 

Keokuk,  Iowa 

Kintyre.  Mont 

Knoxville,  Tenn 

Kansas  City,  Mo 

Los  Angeles,  Cal 

Do 

Lansing,  Mich 

La  Crosse,  Wis 


...do 

Lieut  F.  R.  Day,  Signal  Corps. 
..-.do.- 

Chief 
Lieut 
Lient 
Lieut 
Lieut 
...do 
Lieut 
Lient 


Signal  Officer 

F.  M.  M.  Beall,  Signal  Corps. 
J.  P.  Finley,  Signal  Corps ... 
R.  B.  Watkins,  Signal  Corps . 
F.  W.  Ellis,  Signal  Corps  — . 


J.  P.  Finley,  Signal  Corps  ... 
F.  M.  M.  Beall,  Signal  Corps. 


.-..do 
Lieut. 
Lieut 
Lieut 
Lieut 
-..do 
Lieut  J.  P.  Finley,  Signal  Corps 


J.  C.  Walshe,  Signal  Corps. 
F.  W.  Ellis,  Signal  Corps  .. 
J.  P.  Finley,  Signal  Corps . 
J.  C.  Walshe,  Signal  Corps. 


Lieut 
Lieut. 

try, 

Lient 
Lieut 
.-.do 
Lieut 
Lieut. 
Lieut 
Lieut 
Lieut. 
Lieut 


R.  B.  Watkins,  Signal  Corps... 
R.  £.  Thompson,  Sixth  In&n- 
signal  officer.    • 

J.  P.  Finley,  Signal  Corps 

J.  C.  Walshe,  Signal  Corps 


R.  B.  Watkins,  Signal  Corps... 

F.  R.  Day,  Signal  Corps 

W.  A.  Glassford,  Signal  Corps.. 

F.  Greene,  Signal  Corps 

F.  M.  M.  Beall,  Signal  Corps  .. 
J.  C.  Walshe,  Signal  Corps 


Date. 


Jan.  6-8,  189a 

Apr.  27, 28,  1890. 
May  6-8, 1890. 
Nov.  23-26,  1889. 
May  14, 16,  1890. 
Nov.  29, 30;  Dec  2, 

1889. 
Dec  19-21,  1889. 
Dec  26-28,  1889. 
Jan.  6,  V,  1890. 
June  29, 1890. 
Jan.  14, 15, 1890. 
Jan.  10, 11, 189a 

Jan.  15, 16, 189a 
Jan.  24,  1890^ 
Feb.  19.  1890. 
Feb.  20,  1890. 
Mar.  10, 11, 1890. 
Mar.  13,  1890. 
Mar.  15, 16, 1890. 
Mar.  17, 1890. 
Mar.  23,  1890. 
May  2,  3, 1890. 
Dec  15, 16,  1689. 
Dec  1,  2, 1889. 
Dec  13, 14, 1889. 
Dec.  17, 18, 1889. 
Dec  19,  20,  1889. 
March  7,  1890. 
Mar.  11-13, 1890. 
May  14, 1890. 
June  28,  29,1890. 
Dec  13-16,  1889. 
Dec  14-17,  1889.' 
Mar.  22,  23, 1890. 
Mar.  14, 15, 169a 
June  21, 22, 189a 
Nov.  30;   Dec  1, 

1889. 
Dec  9, 10, 1889. 
Apr.  30, 1890. 
Apr.  2,  3,  189a 
Jan.  2, 3,  1890. 
Dec  8, 9, 1889. 
May  3,  4, 1890. 
Dec  31, 1889; 
Jan.  1, 1890. 
Dec  80,  31, 1889. 
Jan.  20,  21,  1890. 

June  25,  26, 1890. 
Dec  16,  16, 1889. 
AprU  30, 1890. 
Jan.  17, 18,  1890. 
Mar.  21,  22,  1890. 
Aug.  3,  1889. 
April  3-6,  1890. 
Dec  11,  12.  1889. 
Dec  21,  22,  1889. 
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Stations  Ikspbotsd,  sra— Oontinned. 


Stations. 


LeziDgtoD,  Kj 

Loniaville,  Ky 

Lynchbmgb,  Va 

Leavenworth,  Eaos 

Little  Rock,  Ark 

Manchester,  N.  H 

McDowell,  Fort,  Ariz.^. 

Milwaukee,  Wis 

Do 

Marquette,  Mich 

Manistee,  Mich 

Moorhead,  Minn 

Maginnis  Fort,  Mont.  .. 
Mobile,  Ala 


Meridian,  Miss 

Montgomery,  Ala 

Montrose,  Colo 

Memphis,  Tenn 

Do 

Northfield,  Vt 

NsshTiUe,  Tenn 

New  York  City 

New  Brunswick,  N.  J.. 

New  Hayen,  Conn 

New  London,  Conn 

Narraganaett  Pier,  R.  I. 
Nantucket,  Mass.  ...... 

Norfolk,  Va 


New  Orleans,  La. 


North  Platte,  Nebr. 

Oswego,  N.  Y 

Omaha,  Nebr 

Do-. 

Portland,  Me 

Philadelphia,  Pa 

Do 

PhoBniz,  Ariz 

PortHnron,  Mich  ..' 

Parkersburgh,  W.  Va 

Pittsbui^h,  Pa — 

Pensacola,  Fla 


Pueblo,  Colo 

Pialestine,  Tex 

Rochester,  N.  Y  ... 

Rawlins,  Wyo 

Rapid  aty,  S.  Dak 
Raleigh,  N.O 


By  whom. 


Lieut 
.-.-do 
Lieut 

try, 
Lieut. 
Lieut. 
Lieut 
Lieut 
Lieut 
...do 
.  —  do 
..-do 
Lieut 
—do 
Lieut 

try. 
...-do 


R.  B.  Watkins,  Signal  Corps... 


R.  £.  Thompson,  Sixth  Infiui- 
signi^  officer. 

F.  R.  Day,  Signal  Corps 

P.  W.  Ellis,  Signal  Corps 

J.  P.  Finley,  Signal  Corps 

W.  A.  Glaiisford,  Signal  Corps.. 
F.  M.  M.  Beall,  Signal  Corps  .- 


J.  C.  Walshe^  Signal  Corps 


R.  £.  Thompson,  Sixth  Infan- 
signal  officer. 


—do. 

Lieut 

Lieut 

Lieut 

Lieut 

Lieut 

Lieut. 

....do. 


F.  R.  Day,  Signal  Corps 

F.  W.  Ellis,  Signal  Corps 

F.  R.  Day,  Signal  Corps 

i,  P.  Finley,  Signal  Corps 

R.  B.  Watkins,  Signal  Corps  ... 
J.  P.  Finley,  Sigiutl  Corps 


...do 
...do 
do 


...do 
Lieut 
try, 
...do. 


R.  £.  Thompson,  Sixth  In&n- 
signal  officer. 


Lieut  F.  R.  Day,  Signal  Corps... 
Lieut  J.  P.  Finley,  Signal  Corps. 
Lieut  F.  R.  Day,  Signal  Corps... 

Chief  Signal  Officer.- 

Lieut  J.  P.  Finley,  Signal  Corps . 
.—do 


Reno,  Fort,Ind.  T , 

Rio  Grande  City,  Tex 

San  Diego,  Cal 

Do 

Sanlt  de  Ste.  Marie,  Mich. 

St  Paul,  Minn 

St  Vincent,  Minn 


Lieut. 
Lieut 
Lieut 
Lieut 
...-do 
Lieut 

try, 
Lieut 
Lieut 
Lieut 
Lieut 

. do 

Lieut. 

try, 
Lieut 
.—do. 
Lieut 
Lieut 
Lieut 
Lieut. 
do. 


F.  Greene,  Signal  Corps 

W.  A.  Glassford,  Signal  Corps.. 
F.  M.  M.  Beall,  Signal  Corps  .. 
R.  B.  Watkins,  Si^ud  Corps... 

R.  E.  Thompson,  Sixtii  Infan- 
signal  officer. 

F.  R.  Day,  Signal  Corps 

F.  W.  Ellis,  Signal  Corps 

J.  P.  Finley,  Signal  Corps 

J.  C.  Walshe,  Signal  Con» 


Date. 


R.  £.  Thompson,  Sixth  Infim- 

signal  officer. 

F.  W.  Ellis,  Signal  Corps 


W.  A.  Glassford,  Signal  Corps.. 

F.  Greene,  Signal  Corps 

F.  M.  M.  Beall,  Signal  Corps  ... 
J.  C.  Walshe,  Signal  Corps 


Jan.  '21,22,  189. 
Jan.  23-25,  1890. 
Feb.  US,  24, 1890. 

Mar.  20,  21,  1890. 
Mar.  9,  10,  1890. 
Dec.  9, 11,  1889. 
Aug.  13, 1889. 
Nov.  28,  29,  1889. 
June  25-27, 1890. 
Dec.  2,  3,  1889. 
Dec  7,.  8,  1889. 
Dec  6,  7, 1889. 
May  9,  10, 1890. 
Jan.  29,  30, 1890. 

Feb.  10, 189a 
Feb.  12,  13, 1890. 
Mar.  9,  1890. 
Mar.  6,  7,  1890. 
June  30, 1890. 
Dec  18,  19,  1889. 
Jan.  9,  11, 1890. 
.Tan.  9-13,  1890. 
Jan.  13,  14,  1890. 
Jan.  15-17,  1890. 
Jan.  17-19,  1890. 
Jan.  23-25,  1890. 
Jan.  27-29, 189a 
Jan.  9,  10,  1890. 

Jan.    31,    Feb.  1, 

189a 
Mar.  14,  1890. 
Dec.  23-25,  1889. 
Mar.  18,  19.  189a 
May  22,  189a 
Dec  11-17,  1889. 
Jan.  4-6,  1890. 
Sept  24,  25,  1889. 
Aug.  12, 1889. 
Dec  13, 14, 1889. . 
Dec  5,  6.  1889. 
Dec  9-12,  1889. 
Jan.  27,  28, 189a 

Mar.  8, 1890. 
Feb.  27,  28, 1890. 
Dec  25-27,  1889. 
May  27,  28,  1890. 
May  30,  31, 1890. 
Feb.  21,  22, 189a 

Mar.  19, 1800. 
April  25,  26, 180a 
Aug.  5,  6, 1889. 
Mar.  28-30, 189a 
Dec  4, 1889. 
Not.  27-29, 1889. 
Dec  4,  5, 1889. 
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StatioDB. 


By  whom. 


Sftn  Francifloo,  Gal 


Sioaz  City,  Iowa 

SuUy,  Fort,&  Dak... 

Sandiiaky,  Ohio 

Springfield,  111 

8oathport,N.  C 


SaTaimah,  Oa 

Springfield,  Mo 

SU  Looia,  Mo 

Shreveport,  La ... 

Supply,  Fort,  Ind.  T  .. 

Sill,  Fort,  Ind.  T 

San  Antonio,  Tok 

Salt  Lake  City,  Utah  .. 

Toledo,  Ohio 

TitoBville,  Fla 


Topeka,  Kans 

University,  Miaa 

Vineyard  Haven,  Man. 

Verde,  Fort,  Ariz 

Vicksburg,  Miss 


Do 

Wood's  Holl,  Maes.-.. 
Washakie,  Fort,  Wyo 
Wilmington,  N.C--., 


Wichita,  Kans 

Tnma,  Ariz « — 

Do 

Yankton,  S.  Dak... 
Yates,  Fort,  N.  Dak 


Lient  J.  P.  Finley,  Signal  Corps 


Lient.  J.  C.  Walshe,  Signal  Corps 

do   - 

Lient  R.  B.  Watkins,  Signal  Corps . . .. 

—  do 

Lieut.  R.  £.  Thompson,  Sixth  Infantry, 
signal  officer. 

. do - 

lient.  F.  R.  Day,  Signal  Corps 

— do  — 

Lieut  F.  W.  Ellis,  Signal  Corps 

— do 

...do 

...do 


Chief  Signal  Officer 

Lieut  F.  M.  M.  Beall,  Signal  Corps 

Lient  R.  K  Thompson,  Sixth  Infantry, 

signal  officer. 

Lient  F.  R.  Day,  Signal  Corps 

Lient  F.  W.  Ellis,  Sigiwl  Corps 

Lieut  J.  P.  Finley,  Signal  Corps 

Lieut  W.  A.  Glassford,  Signal  Corps... 
Lient  R.  £.  Thompson,  Sixth  Infantiy, 

signal  officer. 

Lient  F.  W.  EUis,  Signal  Corps 

Lient  J.  P.  Finley,  Signal  Corps 

Lieut  J.  C.  Walshe,  Signal  Corps 

Lieut.  R.  £.  Thompson,  Sixth  Infantry, 

signal  officer. 

Lient  F.  R.  Day,  Signal  Corps 

lient  W.  A.  Glassford,  Signal  Corps... 

lient  F.  Greene,  Signal  (^rps 

lient  J.  C.  WaUbe,  Signal  Corps 

— do 


Date. 


June29,  30,  Jnly2 

to  7, 189a 
Deo.  11,  12,  1689. 
June  3,  4,  1890. 
Dec  23,  24,  1889. 
Jan.  2,  3,  1890. 
Jan.  13,  189a 

Jan.  17, 18, 1890. 
Mar.  4,  1890. 
Mar.  24, 25,  1890. 
Mar.  1--3.  1890. 
Mar.  20-21, 1890. 
Mar.  26, 1890. 
Apr.  22, 23,  189a 
May  18, 1890. 
Dec  17,  18,  1890. 
Jan.  21,  22,  1890. 

Mar.  20,  1890. 
Mar.  6,  1890. 
Jan.  30,  31,  1800. 
Jaly  22,  1889. 
Feb.  3,  4,  1890. 

Mar.  3-5,  1890. 
Jan.  26,  27,  1890. 
May  23,  24,  189a 
Jan.  12-14,  1890. 

Mar.  5,  6,  1890. 
Aug.  6,  9,  1889. 
Mar.  23,  24,  189a 
Dec.  10, 11, 1889. 
Jnne  11,  12,  1890. 


I 


Liti  qf  plaeea  for  uhieh  ttoHons  have  been  requested  dmringfleoal  year,  hU  not  estahHthed  to 

June  30, 189a 


Alahama: 

Decatur,  July  28, 1889. 
C<dorado: 

Lamar,  April  15,  1890. 
Florida: 

Tarpon  Springs,  September  16,  1889. 
Georgia: 

Maoon,  December  11,  1889. 

Rome,  April  7,  1890. 
IlUnois: 

Peoria,  January  II,  1890. 
Iowa: 

Council  Bloffls  February  17, 1890. 
Michigan: 

Escanaba,  February  20,  1890. 

Oscoda,  Maich  29,  1890. 
Minnesota: 

Crookstown,  February  21,  1890. 

Minneapolis,  December  7, 1889. 


Minnesota— Continued- 
Red  Wing,  Febmary  15,  189a 
Montana: 

Great  Falls,  December  23, 1889. 
Nebraska: 

Lyons,  Jnne  28,  1889. 
Oregon: 

Ashland,  December  12,  1889. 
Pennsylvania: 

Reading,  August  30,  1889. 

Scranton,  January  30,  1890. 
Texas: 

Dallas,  November  13, 1889. 

Waco,  January  14,  189a 
Washington: 

Tacoma,  May  15,  1890. 
Wyoming: 

Rawlins,  May  27,  1890. 
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List  of  Boabds  of  Tbads,  Chahbbbs  of  Commebob,  and  otheb  Obqakizattons 

WHIOH  had  DUBINQ  THB  FiSOAL  TbAB  ENDIKQ  JtTNB  30,  1890,  MBTBOBOLOOIOAL 
OOBCHrrrEES  Ck>NFBBBINa  WITH  THB  CHIEF  SlONAL  OfFIOBB  OF  THB  AbHY. 


Plaoe. 


BuflSBaOyN.T — , 

Cairo,  lU 

Charleston,  S.  C 

Chicago,  111 

Concordia,  Kans 

Erie,  Pa , 


Lynchbnrgh,  Va 

Montgomeiy,  Ala 

Nashville,  Tenn 

New  Haven,  Conn  ... 
Northfield,Vt 


Name  of  oiganization. 


Merchants'  Exchange . 
Board  of  Trade 


Merchants'  Exchange  ^ 


Board  of  Trade 


Board  of  Trade.. 
Tobacco  AjasodatioB 


San  Diego,  Cal 
Savannah,  Ga  . 
StLoniSjMo... 


Tampa,  Fla 


Commercial  and   Industrial 
Association. 


Chamber  of  Commerce 


City  of  New  Haven 

Board  of  Tmstees,  Norwich 

Universitj. 
Society  of  Natural  History  .. 

Savannah  Cotton  Exchange .. 

Merchants'  Exchange 


atj 


Committee. 


Nathan   C.  Simons,  Frank   W. 

Fiske,  Chas.  H.  Arthur. 
W.  P.  Halliday,  H.  H.  Oandee, 

Jno.  A.  Miller. 
Geo.  W.  Bell,T.  Follett  Ware, 

John  Dougherty,  Philip  Dres- 

sel,  Geo.  Yon  Kolnita. 
J.  A.  Edwards,  R.  G.  Chandler, 

J.  B.  Dutch. 

B.  H.  McEkron,  Theo.  Laing, 
Prof.  T.  A.  Sawhill. 

J.  J.  Wadsworth,  H.  S.  Jones, 

Geo.  Piatt 
General  J.  H.  Smith,  Green  H. 

Nowlin,  J.  C.  Woodson. 
D.  F.  Lowe,  W.  M.  Marks,  W.  J. 

Orum,  F.  H.  Morritt,  L.  B.  Far- 

lev. 
CoL  b.  W.  Baird,  O.  H.  Hlght, 

Jno.  W.  Morton. 
H.  G.  Lewis,  Johnson  T.  Piatt 
Dr.  Gea  Nichols,  Hiram  Atkins, 

Dr.  Wm.  B.  Mayo. 
Dr.  G.  W.  Barnes,  Dr.  H.  W. 

Gould,  C.  J.  Fox. 

C.  M.  Hoist,  A.  L.  Hartridfs, 
J.  J.  Wilder. 

J.  B.  Gandofo,  W.  T.  Haarstick, 
W.  H.  Walze,  Louis  Helm,  John 
M.  Gannett,  H.  B.  Jenkins,  W. 
P.  Hazard. 

JudgeC.  E.  Harrison,  W.  B.  Hen- 
duson,  J.  £.  Sparkman. 
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APPENDIX    4. 

BEPOBT  OF  THE  OFFICES  IN  OHABQE  OF  TEE  VEBIFICATION  OF  OFFICIAL 

F0BECA8T8. 

SSPTEBCBKB  25,  1890. 

Snt:  I  baTB  the  honor  to  sabmit  the  acoompaajing  repprt  and  tables  showing  the 
percentages  of  verifications  of  official  forecasts  made  during  the  fiscal  year  ending  Jane 
30,  1890. 

The  variona  rules  and  principles  that  have  been  developed  and  perfected  for  determin- 
ing the  percentages  of  verifications  of  the  various  elements  constituting  the  daily  fore- 
casts have  already  been  discussed  in  the  annual  reports  for  the  two  preceding  years, 
during  which  years  various  important  changes  and  improvements  were  made  in  the  rules 
and  principles  of  verications.  During  the  past  year  practically  no  changes  of  importance 
have  been  made,  experience  having  shown  that  the  various  rules,  whUe  necessarily  ar- 
bitrary in  many  respects,  are  very  satisfactory  and  as  equally  just  under  all  droum- 
stances  as  possible. 

The  usual  Ibrecasts,  as  heretofore,  have  been  made  from  month  to  month  by  differait 
officials,  except  that  only  one  official  has  had  charge  of  the  study  and  forecast  ot  cold 
waves. 

The  rc^i^ular  daily  forecasts  have  been  tor  twenty-four  hours  in  advance,  but  in  order 
that  the  public  may  have  the  advantage  of  longer  time  predictions  during  comparatively 
settled  and  definite  weather  conditions,  the  officials,  when  possible,  have  prepared  fore- 
casts for  forty-eight  and  seventy-two  hours  in  advance.  The  verification  of  these  has 
been  determined  separately,  but  the  principles  applied  to  the  regular  predictions,  where 
the  percentages  of  verifications  of  the  forecasts  for  different  lengths  of  time  have  been 
gronped  together  or  compared,  a  weight  of  two  has  been  given  to  the  forty-eight-hour 
fbrecasts  and  a  weight  of  three  to  those  for  seventy-two  hours  as  compared  with  the 
twenty-fonr-hour  forecasts. 

The  percentages  attained  in  these  longer  time  predicUons  have  compared  very  favor- 
ably with  those  for  the  regular  twenty-four  hour  forecasts,  and  are  presented  in  detiul 
in  l^ble  II. 

TABLB  I. — PKBOEirTAOSS  OF  YjEBIFICATIONS  OF  FOBEOASTB  FOB  THB  TBAB  BKOXNG 

JUNB  30,  1890. 


States. 


1889. 


Maine 

New  Hampshire 

Vermont 

Massachusetts 

Rhode  Island 

Cbnnedacnt 

Eastern  New  York 

Western  New  York 

Eastern  Pennsylvania ., 
Western  Pennsylvania  . 

New  Jersey 

D^aware 

MaiyJand 

District  of  Columbia . . . 

Virginia 

North  Oarolina 

South  Carolina 


• 

1 

1 

t 

1 

1 

75.9 

83.0 

80.5 

85.5 

84.4 

79.2 

72.8 

83.7 

83.9 

82.9 

77.1 

83.6 

73.0 

81.8 

84.5 

80.1 

76.5 

81.7 

77.7 

84.5 

87.1 

84.8 

79.1 

82.9 

79.9 

86.6 

85.8 

87.0 

70.9 

85.3 

77.0 

80.3 

83.7 

85.2 

72.5 

64.3 

76.7 

84.3 

82.1 

80.3 

82.9 

85.2 

82.6 

84.2 

82.7 

86.6 

80.8 

77.7 

76.5 

85.9 

82.7 

82.3 

80.6 

84.1 

84.1 

84.8 

80.4 

85.7 

80.2 

80.5 

75.3 

82.6 

77.5 

88.5 

80.0 

88.2 

69.9 

87.1 

74.8 

90.0 

78.5 

87.7 

68.1 

89.5 

76.0 

86.3 

78.9 

86.5 

71.2 

84.8 

76.3 

86.5 

75.9 

85.0 

71.5 

88.8 

80,5 

85.9 

84.3 

84.5 

80.2 

85.4 

82.1 

89.9 

84.3 

87.4 

80.5 

88.7 

84.9 

92.5 

86.2 

86.8 
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States. 


Georgia 

Eastern  Florida 

Western  Florida 

Alabama 

Miflsifisippi 

Louisiana 

Texas 

Tennessee 

Kentucky 

Ohio - 

"West  Virginia - 

Indiana 

Illinois 

Lower  Michigan 

Upper  Michigan 

Wisconsin 

Minnesota ^ 

Iowa 

Kansas - — . - — 

Nebraska 

Missouri 

Colorado 

Dakota 

North  Dakota -. 

South  Dakota  -.- 

Weather _ 

Temperature 

Weather  and  temperature  combined 

Fadfle  Ooaai. 

Southern  California 

Northern  California 

Oregon 

Washington • 

Weather —. 

Temperature 

Weather  and  temperature  combined 


1889. 


5 
»? 


79.3 
84.1 
78.6 
78.4 
81.8 
84.0 
89.2 
80.1 
82.1 
83.6 
82.3 
85.0 
79.7 
81.4 
74.0 
81.7 
79.8 
80.6 
78.9 
83.4 
80.2 
84.4 
84.7 
85.2 


sas 

72.8 
79.4 


9a7 
90.0 

87.7 
87.8 
9a6 
76.6 
89.8 


tb 
^ 


85.4 
91.4 
82.5 
87.6 
93.2 

8a5 

90.6 
86.3 
88.5 
88.6 
85.7 
85.0 
90.5 
oB.  o 
88.6 
78.8 
85.0 
87.7 
86.3 
81.0 
85.2 

sao 

86.6 
89.9 


88.3 
83.2 
86.3 


86.9 
89.2 
88.8 
86.7 
96.9 
74.4 
87.9 


9 


85.3 
93.9 
89.0 
89.2 
87.0 
89.3 
8L9 
77.3 
82.5 
84.6 
80.4 
86.3 
83.2 
84.3 
81.7 
70.6 
78.7 
82.4 
79.5 
85.0 
83.1 
78.7 

8a3 

82.3 


85.5 
7a  1 
82.6 


86.1 
88.9 
8a9 
84.6 
96.8 
72.6 
87.1 


89.3 
93.1 
91.2 
87.8 
83.6 
86.2 
88.2 
87.0 
85.8 
85.5 
80.7 
85.4 
84.2 
84.6 
85.2 
82.1 
86.2 
86.6 
85.6 
79.7 
83.6 
82.4 
81.6 
82.3 


89.5 
79.4 
85.5 


80.3 
87.8 
83.6 
7a  6 
88.3 
74.0 
82.6 


I 


86.9 
85.0 
86.7 
77.0 
8L7 
90.2 
88.4 
79.4 
77.3 

7a4 

83.7 
81.9 
81.1 
80.2 
85.4 
81.8 
82.1 
82.0 
86.3 
83.9 
80.6 
80.2 
77.5 

79."4" 

79.7 

85.4 

74.9 

81.2 


94.6 
83.7 
84.9 
85.0 
90.9 
81.2 
87.0 


88.7 

oao 

95.4 
91.1 
92.3 
91.2 
89.0 
85.1 
8a2 
87.0 
84.1 
80.9 
84.3 
83.6 
82.9 
77.4 

8a5 

80.1 

8a4 

82.3 
78.3 
83.5 
79.7 

"83.'7 

sas 

86.8 
83.0 
64.7 


85.9 
90.6 
81.8 
80.7 
89.0 
78.5 
84.8 


1890. 


states. 


I 


Maine 

New  Hampshire 

Vermont 

Massachusetts 

Bhode  Island 

Connecticut 

Eastern  New  York. 


84.0 
84.1 
84.2 
86.1 
83.7 
80.4 
83.0 


81.1 
82.0 
81.2 
79.6 
84.9 
83.6 
87.6 


81.4 
83.5 
84.2 
84.8 
82.4 
84.1 
83.4 


t 


74.8 

r2.7 
7a  9 

76.4 
75.5 

7a  1 

81.1 


I 


71.2 
77.2 
76.5 
81.9 
7a  1 
77.7 
745 


68.4 
7a  1 
79.9 
7a  3 
77.8 
74.6 
77.8 


79.1 
80.0 
79.8 
81.8 
81.5 
79.7 
6L6 
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Table  I.— Pkrokntages  of  VEEiriCATioNS,  etc. — Coqtinited. 


1690. 

r  end- 
1890. 

States. 

• 

1 

• 

1 

j3 

9 

< 

^ 

S 

6 

1 

i 

Western  New  York .. 

82.4 
86.3 
83.7 

81.9 
82.6 

84.4 
85.7 
87.4 
88.5 
87.2 
89.1 
95.2 
94.3 
89.5 
86.8 
87.0 
90.2 
87.5 
84.1 
84.1 
84.5 
84.9 
87.7 
85.3 
85.3 
82.1 
84.7 

87.4 
86.2 
81.4 
85.4 
85.5 
84.7 
82.7 
84.0 
82.1 
JB6.6 
87.0 
89.4 
89.6 
84.5 
87.3 
87.3 
86.3 
83.3 
89.6 
8o.e 
82.9 
81.1 
79.6 
86.9 
86.9 
79.6 
80.6 
82.2 
85.1 
81.1 
80.6 
79.6 
79.3 

t 

75.2 

81.6 
73,9 
84.4 
91.6 
90.6 
89.0 
86.0 
85.9 
82.2 
83.7 
78.1 
86.3 
84.8 
81.9 
80.8 
81.1 
82.3 
86.2 
83.9 
74.5 
79.7 
77.4 
82.8 
82.1 
79.6 
82.1 
79.4 
78.6 
'  75. 2 
80.6 
82.6 
71.7 

78.9 
78.0 
77.6 
76.7 
76.6 
77.1 
78.2 
79.7 
80.3 
80.2 
77.7 
85.0 
93.9 
82.9 
79.9 
77.3 
78.9 
78.9 
79.5 
8*2.1 
74.9 
76.9 
80.5 
83.0 
80,0 
78.6 
78.5 
80.1 
80.7 
71.2 
76.6 
70.9 
81.2 

8a2 

77.6 

86.7 
77.2 
83.6 
83.0 

85.2 
84.6 
82.0 
83.9 
84.0 
87.9 

a5.7 

80.2 
78.3 
80.3 
86.1 
78.8 
8-2.8 
79.8 
85. 7 
81.9 
87.0 
86.9 
77.7 
75.9 
75.7 
71.0 
81.4 
79.4 
81.2 
86. 3 
76.3 

71.6 
82.8 
80.3 
78.3 
80.6 
85.4 
84.5 
84.6 
84.4 
84.3 
85.1 
85.3 
87.9 
89.3 
88.6 
87.6 
92.6 
85.7 
82.5 
86.1 
82.6 
83.9 
80.9 
84.8 
79.6 
76.3 
75.9 
72.3 
73.3 
79.1 
74.7 
88.1 
86.3 

81.6 

Eastern  FeDDgrlvania . ..... 

Weetexn  FendsylYania  ............... 

82.0 
81.6 

New  Jersey  .-. -....--..-—.-•....- 

81.3 

Delaware — .. --.-...-... ...... 

82.3 

Maryland  .    ... ...._-.---......._,, 

82.6 

District  of  Columbia 

82.1 

Virginia— 

83.6 

North  Carolina ...— ..^ ....... 

84.4 

8oiith  Carolina .  ...................-_> 

85.3 

Georffia -- ......... .. .... 

85.1 

Easteirn  PloriH»  _  ^,.  ._ . 

88.5 

Western  Florida .... . 

88.4 

Alabama ... ..-.—  -,..  ........ 

85.2 

Mifflrifl^ippi .- . ..... 

85.2 

Lonisiana -.--.......». .^..^^ 

85.8 

Texas  

86.9 

ArkaD^M^  ..^^..r....... ... 

82.6 

Tennessee . - 

a3.7 

Kentucky 

84.1 

Ohio - 

81.8 

West  Virginia. -.-. . .... ... 

82.7 

Indiana . . 

a%o 

Dlinois - .. 

84.5 

Lower  Michif^n . 

82.4 

Unper  Michigan ...... . . .... 

78.7 

Wisconsin......................... 

81.1 

82.9 
84.1 
87.4 
83.4 
85.0 
82.8 

80.6 

Iowa  -. .- ......... ........ 

81.9 

80.7 

Nebraska . .. .. 

80.7 

82.5 

Colorado... .... .. 

80.9 

Dakota 

84.9 

North  Dakota 

78.7 
81.7 
85.8 
'84.5 
85.3 

88.3 
86.9 
90.8 
87.8 
90.1 
86.0 
88.5 

83.4 
82.2 
85.2 
82.2 
84.0 

89.7 
88.9 
77.1 
84.2 
89.4 
79.2 
85.3' 

77.4 
81.4 
82.1 
81.5 
81.9 

82.1 

82.8 
75.9 
78.4 
87.6 
68.1 
79.8 

85.9 
85.3 
83.6 
71.7 
78.8 

87.7 
85.1 
81.7 
76.9 
91.7 
69.1 
82.7 

68.8 
78. '6 
82.6 
77.7 
80.6 

86.3 
78.9 
82.6 
80.9 
89.1 
71.1 
81.9 

72.7 
79.6 
84.6 
75.9 
81.1 

92.6 
88.9 
77.8 
79.5 
92.4 
73.1 
84.7 

78.8 

81.1 

Weather 

Temperature 

Weather  and  temperature  combined  ... 

JPaeifle  Coast, 
Southern  California 

85.2 

7a  7 

82.6 
87.8 

Northern  California . .. 

86.8 

Oregon - ..... ... 

83.6 

Washinirton.-r. -..-.-.-.......^^ 

82.6 

Weather . — . 

91.7 

75.3 

Weather  and  temperature  combined  ... 

85.2 

11945  SIQ 5 
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TABLB  XL— VERp-ICATIONS  OF  FOBTY-KiaHT  AND  SBVBNTY-TWO  BOUB  FOBBCABTB  FOJt 

THB  YSAB  SNDIKO  JUKS  30,  1890. 


Forty-eight  honxs. 

SoTenfy-two  bonis. 

• 

No.  of  foro- 

Percent  ofverifi- 

Kaoffofifr- 

Per  eentb  of  reiific*- 

casta 

1 

• 

cations. 

oastB. 

tions. 

Month. 

1^ 

k 

^ 

i 

• 

i 

therandte: 
ire  oombin 

• 

1 

si 

a 

■1 

i 

S5 
5 

1 

& 

If 

1 

s 

S 

§ 

S^ 

S 

g 

8 

a 

^ 

s 

^ 

^ 

^* 

^ 

& 

^ 

^ 

^ 

1889. 

July 

19 
24 

41 
36 

67.1 
71.7 

71.6 
94.4 

68.9 
80.6 

August 

8 

100.0 

100.0 

'  September 

38 

44 

73.2 

83.9 

78.4 

13 

7 

97.7 

35.9 

81.3 

October 

245 

45 

88.8 

94.7 

91.2 

7 

1 

100.0 

100.0 

100.0 

November 

106 

62 

84.1 

88.4 

85.8 

^ 



December .  ._•— . 

158 

92 

74.5 

84.9 

78.7 

34 

7 

79.4 

78.6 

79.0 

1890. 

January  

2 

61 

100.0 

85.7 

86.5 

Febmaiy 

50 

44 

63.2 

84.3 

71.0 

7 

7 

100.0 

14.3 

65.7 

March - 

196 
86 

125 
43 

132 

42 

51 

102 

78.6 
86.9 
77.8 
88.8 

94.2 
77.4 
70.2 
72.2 

83.3 
78.8 
76.  tf 
78.6 

7 

34 

82.9 

86.5 

85.6 

April ..... .-- 

May  -  -.-.--  ---- 

Jane . 

6 

8 

91.7 

61.2 

77.4 

Total 

1,001 

742 

80.6 

83.9 

81.6 

74 

72 

87.9 

72.7 

80.5 

Table  III.— Statbhbkt  Showing  Pebcbntagbs  of  Justifioattoks  of  Wind  Sig- 
nals FOB  THE  YBAB  ENDING  JUNE  30»  1890. 


Month. 


1889. 

Jnly 

Angnst 

September 

October 

November... ... 

December 

1890. 

Jannaiy 

February  — ... 

March 

April  — . 

May 

June .... 

Total  - — 


1 

•E 

O 

B 

0 

a 

3 


23 

46 

156 

119 

122 

71 

90 
110 
110 

69 
164 

43 

1,112 


Justified  as 
to  velocity. 


13 

30 
95 
81 

82 
50 

76 
76 
77 
43 
80 
22 

695 


^ 

H 


10 
5 

4 
6 

4 

7 
8 
2 
13 
1 

69 


■a 


S 

s 

I 


s  - 


22 

45 

151 

110 

120 

62 

83 
107 
102 

66 
129 

43 


1,040 


Oantionaiy. 


1 

o 


23 
46 
114 
96 
99 
49 

62 
63 
72 
66 
126 
39 

843 


Justified 
to  velocity, 


o 


13 
29 
73 
66 
63 
36 

62 
40 
50 
34 
66 
19 

639 


2 

1 
1 
1 

2 
3 
4 
1 
6 


20 


Storm. 


1 

41 
23 
23 
22 

28 
47 
38 
14 
28 
4 

269 


Justified  aa 
to  velocily. 


1 
22 

16 
19 
16 

24 
36 
27 

9 
14 

3 

186 


I 


8 

4 
3 

4 

2 

4 
4 
1 
8 
1 

39 
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Table  III.— Staxkuent  Showinq  Peboektaobs  of  Justitioatioks  dF  Wnn>  Sig- 

KAUB,  Era — Continued. 


Month. 


1889. 

July 

August 

September 

October 

November 

December 

1890. 

January 

February  .» 

March  ... 

April 

May 

June . 

Total  - 


For  easterly 
winds. 


I 

9 

•a 
O 


11 
18 
71 
65 
56 
30 

16 
28 
49 
34 
40 
27 

445 


•-8 


10 
17 
67 
56 
54 
22 

12 
27 
44 
33 
32 
27 


For  westerly 
winds. 


401 


1 

'S 
o 


12 
28 
84 
54 
66 
41 

74 
82 
61 
35 
114 
16 


667 


-s 

mw* 

s 


12 
28 
84 
54 
66 
40 

71 
80 
58 
33 
97 
16 


639 


21 
12 
21 
14 
26 
20 

24 
14 
24 
14 
32 
16 


238 


4 
6 
6 
26 
16 
4 

16 

10 

10 

5 

8 

1 


111 


i 


& 


46.6 
66.8 
71.6 
69.7 
70.1 
6a6 

74.7 
76,5 
71.6 
68.0 
60.0 
69.8 


*67. 1  • 


*  Yearly  per  cent. 


Table  IV. — Pebobntagbs  of  Justifications  of  Cold  Wave  Signals  fob  the 

Yeab  Ending  June  30,  1890. 


Month. 

Ordered. 

Justified. 

Per  cent, 
of  justifica- 
tions. 

July ^ 

1889. 

0 
0 
2 
0 
161 
219 

395 

412 

74 

33 

0 
0 

• 

Auffust ........ -.—-.---.-.....--...-..- 

Seutember .-.-.-- ................... 

0 

Oetober .. 

November  .  .  .  .  ^ 

k       ^    .         _. .. — 

61 
122 

264 

228 

29 

13 

31.7 

December... -               -  - _  _ 

66.7 

Jannarr .._. .. 

1890. 

66.8 

February  ...............n............^^....^ 

66.3 

Mardi  .... --..- .......  ..—.-...-.. 

39.2 

April 

89.4 

May 

^j  »..»•• ................ ...... .......... 

June ..........        

Total 

1,296 

707 

64.6 

NOTB.— Dnrinip  the  year  only  18  oold  waves  oooarred  wlbhoat  al^als.  and  no  siinials  were  orderd 
late,  thai  Js«  after  a  tell  in  tompemtore  suiBclenl  to  justify  a  sisnal  had  oooarred. 
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Table  V.— Pebcentaoes  of  Fobecast  Officiaxs  fob  ihx  Ybab  Eimuro  Jukb 

30,189a 


Offidala, 


Oftptain  Allen 


Captain  Dnnwoody., 


Lientenant  Thompson 


lientenant  Glaasfoid. 


ProfesBor  Hazen 


Lientenant  Mazfield. 


Months. 


September,  1889 

December,  1889 

March,  18^ 


Annual  ayerage— 


Angoat,  1889 

January,  1890 

Annnal  aye^age.. 


July,  1889 

]Sovember,  1889  . 
April,  1890 


Annnal  ayerage.. 


Febmary,  1890. 
May,  1890 


Annnal  average. . 

October,  1889 

Jnne,  1890 

Annnal  average.. 


July,  1889 

Angast,  1889 

September,  1889 

October,  1889 

November,  1889  ... 
December,  1889  ... 

January,  1890 

Febmary,  1890 

March,  1890 

April,  1890 

May,  1890 

June,  1890 


Annnal  average*. 


i 

I 


8S.5 
85.8 
82.1 


84.5 


88.3 
85.3 


87.0 


83.8 
85.4 
83.5 


84.2 


85.2 
82.6 


83.9 


89.5 
84.6 


87.0 


98.6 
96.9 
96.8 
88.3 
90.9 
89.0 
90.1 
89.4 
87.6 
91.7 
89.1 
92.4 


9L7 


78.1 
83.0 
81.5 


80.9 


83.2 

84.5 


83.9 


72.8 
74.9 
71.7 


73.1 


82.2 

77.7 


80.0 


79.4 
75.9 


77.0 


76.6 
74.4 
72.6 
74.0 
81.2 

7a5 

86.0 
79.2 
6ai 
69.1 
71.1 
7S.1 


as: 


82.6 

84.7 
8L9 


83.0 


86.3 
85.3 


85.8 


79.4 
81.2 
78.8 


79.8 


'Si 


71.6 
68.6 
71.6 


70.9 


66.8 
74.7 


72.0 


46.6 
70.1 
68.0 


66.2 


84.0 
60.6 


82.3 


85.5 
81.1 


83.3 


76w3 


69.8 
87.9 
87.1 
82.6 
87.0 
84.8 
8a5 
85.3 
79.8 
82.7 
81.9 
84.7 


85.2 


75.5 
60.0 


66.3 


69.7 
59.8 


66.8 


^9 


79.4 
80.2 
79.0 


79.5 


80.7 
82.3 


81.9 


70.0 
7a  0 
75.7 


75.9 


81.6 
74.7 


77.7 


81.0 
75.0 


7a6 


Respectfnlly  submitted. 


The  Chief  Signal  Officob. 


C.  F.  MABTnr, 
AtMawt  JPrqfetior  im  Charge  qf  Vajficatiom. 
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APPENDIX  5. 

BEPOBT  OS  F0BECA8TS  OF  COLD  WAVES. 

SlGITAI.  OFTICX, 

WoMiigton  cas,  Jvig  15,  isga 

SiB:  I  haye  the  honor  to  oiake  tbe  foUowing  report  on  ttie  f)>recasta  of  cold  iravce  for 
the  yeax  past: 

A  change  ia  the  Signul  Serri'^  deflnition  of  a  cold  ira*a  wae  made  in  November, 
1889.  AccordlBg  to  the  new  rnle  no  cold-wave  signal  can  be  reriflsd  lor  the  Stetes  of 
UontaoB,  Nortb  and  South  Dakota,  aod  MinaESOta  unless  there  is  a  'iO"  fall  of  t«mper- 
atare  in  tweotjr-fonr  hoora,  going  as  low  as  3'1°.  For  the  States  of  Wyoming,  Colo- 
rado, Nebraska.  Kaosas.  Iowa,  MissoQrl,  Wisconsin.  lUinoiB.  Michigan,  Indioim,  Een- 
tacky,  Oliio,  West  Virginia,  western  Peoosylvania,  New  York  (eicept  New  York  City 
and  Long  Ii^I^d ),  Connecticut,  Ubodo  Island,  Sluasachusetta,  Vermont,  New  Uampahite, 
and  Maine  there  ia  required  for  veritjing  a  cold-wave  signal  a  till]  of  at  least  18°  in 
twentj-four  hours,  with  the  temperature  goinf;  to  at  least  3-1°.  For  New  York  Qty 
and  Long  Island,  eastern  Pennsylvania,  New  Jersey,  Delaware,  District  of  Colnmtria, 
Maryland,  Virginia,  North  Carolina,  South  Carolina,  Tennessee,  Georgia,  northern 
Alabama,  northern  Mississippi,  nortbera  Loaisiana,  Indian  Territory,  and  Texas  (eX' 
cept  a  strip  of  100  milea  along  the  Golf  coaat)  a  ftll  of  at  least  16,°  going  to  a  tempei- 
atnre  ot  :;G^,  is  reqnired  to  verify  a  cold-wave  sigDoJ. 

A.  frost- wjiraing  flog,  the  sameaa  the  cold-wave  flag,  white  with  a  black  aqaare  in  tbe 
center,  is  displayed  at  stations  in  Florida  and  at  places  witbio  100  miles  of  the  Qnlf 
coast  when  it  is  anticipated  that  the  t«mperatnra  will  fall  to  32"  or  freezing  point,  re- 
gard less  of  tbe  extent  of  tempenitnre-fall  by  which  it  may  be  preceded. 

This  mie  is  a  wide  departure  from  that  of  preceding  years,  vrhena  15°  fall,  going  to 
45°,  was  sufficient  to  verify  the  display  of  a  cold-wave  signal  at  any  station. 

In  the  followiug  table  is  given  the  number  of  oold-wave  slgnala  displayed  at  places 
tbronghont  the  Unit«d  Stales  during  the  voriona  months,  also  the  number  of  aignala 
verified  for  each  place  and  the  number  of  severe  cold  waves  which  occurred  when  no 
signals  were  displayed. 

A  severe  cold  wave  is  a  fall  of  temperature  in  the  districts  above  enumerated  S° 
greater  than  the  least  tall  for  which  a  ^gnal  can  be  veiifled  lind  going  at  least  0"  lower 
than  the  higbeat  tem[>eratare  for  which  a  veriflcation  ia  given  and  tbe  areft  of  fhll  ez- 
ceedB  50,000  sqnare  miles  In  extent 

COLD-WAVX  SleSAUS.      ' 
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Cold-wave  Siohalb — Continned. 


1 
1 
1 
8 
1 
2 
3 

-, 

J 

- 

4 

S 
6 
6 

a 

5 
5 

S 

6 

3 
3 

2 
3 
4 
3 
3 
1 
1 
2 

1 
1 
1 
1 
1 
1 
1 

' 

12 

13 
13 
16 

7 
7 
6 
8 

...1    1 
—  1    1 

6 

6 
6 
8 
^ 
f 
4 
4 
4 

a 
a 

7 

a 
a 
a 

6 

7 
7 

3 
3 
3 
3 
3 
2 
2 
1 
2 
2 
1 

1 

1 

asSi't''" 

1 

1 
1 
1 

IS 
7 
fl 
10 
10 
7 
12 
10 
11 
IB 
11 
10 
IE 
IS 

! 

WllBdaittoD.  N.  C 

] 

1 

: 
1 

"i 

Aogn8ta,Ga 

1 

3 
I 

I 
2 
2 

1 

1 

3 
1 
1 
3 

3 
2 

2 

a 
a 

6 

G 
8 

a 

7 
8 
7 
7 
7 
5 
5 
S 
5 
6 

a 
s 

5 
6 
S 
6 
2 
! 

; 

3 
fi 

7 

6 
4 

5 
4 

6 

4 
4 
4 
4 
4 
2 
2 
1 
2 
3 
4 
6 

2 

7 

a 

G 
6 

8 

a 

8 

7 
7 
7 
7 
6 

a 
e 
a 
e 

7 
7 
7 

7 

a 

7 

a 

6 

a 

7 
G 
7 
7 

2 
2 
1 
2 
2 
3 
4 

1 
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18 
14 
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2G 
21 
23 
24 
24 
23 
24 
18 
17 
17 
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21 
24 

23 
19 
17 
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11 
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11 
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1 

11 

11 

1! 
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11 
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Memphis,  Tenn 4_- 

4 

i 
1 

i 

2 
2 
2 
2 

; 

1 
1 
1 
1 

1 

1 
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2 

"2 
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1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 

1 

"i 

1 

"i 

1 
1 
1 
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ParkBrsbnrgh,  W.  Va 
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Ohw.«o,  N.  Y 

— 
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1'-., 

EriB,Pa.-.   

Cl«vel»Dd,  Ohio 
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2 

1 
1 
1 
1 
1 
1 

"i 

~" 

LansiDg,  Mich ^ 

1 

2 

3 

1 
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CoLD-WAVK  BiOKALB — Continiud. 


In  the  table  following  is  given  a  condensed  anmrnai;  of  the  cold  waveg  for  tbQjarionB 
Diontha.  There  ia  also  given  the  namber  of  fftlla  of  18°  or  taore  when  tbera  was  no 
veriflcation  of  the  signal  on  account  of  the  tomperatnro  not  &Uing  to  the  verifying  limit. 
In  addition  there  U  given  the  nnmber  of  16°,  14°,  uid  12°  falls  going  below  the  vetily- 
ing  limit  for  which  no  veiiAcatioos  were  allowed. 
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SxnocABY  or  Cold-ways  Siokaxs,  1889  akd  1890. 


Cold-wave  signals  ordered 

Signals  yerified 

Percentage  of  Terification - 

Severe  C(Hd  waves  without  signals 

Eigh  teen-degree  or  greater  falls  not  verified. 

Sixteen-degree  lalls  not  verified . 

Fonrteen-degree  falls  not  verified 

Twelve-degree  &lls  not  veriBed 


I 


2 
0 


I 


161 
61 
32 
0 
9 
11 
13 
18 


I 


221 

122 

55 

0 

22 

5 

4 

3 


395 

265 

67 

4 

19 

12 

13 

9 


I 


412 
1229 
56 
9 
32 
16 
22 
22 


74 

29 

39 

0 

5 

3 

2 

11 


33 
13 

39 
0 
0 
0 
0 
0 


I 


1,298 

709 

65 

14 
87 
47 
64 
63 


The  percentage  of  verification,  55,  is  a  little  less  than  that  for  last  year  which  was 
56.8.  This  is  due  solely  to  the  change  in  the  rules  for  veryifying.  If  verifications  were 
allowed  for  the  &lls  of  over  18^  which  did  not  quite  reach  the  limit  of  temperature,  and 
also  for  the  &lls  of  16°  and  14°,  which  would  have  made  the  verification  on  the  same 
basis  as  last  year,  then  the  percentage  would  have  been  69  instead  of  55. 

As  to  what  should  properly  constitute  a  cold  wave  it  is  very  difiicult  to  determine. 
Whether  a  very  low  temperature  or  a  great  fall  in  temperature  shall  be  considered  the 
essence  of  a  cold  wave  is  a  mooted  question.  The  Signal  Service  practice  and  definition 
have  always  been  to  lay  stress  rather  on  the  great  falls  in  temperature  than  on  the  low 
temperatures.  The  popular  conception  of  a  cold  wave,  however,  is  in  most  places  asso- 
ciated with  a  low  temperature,  at  least  in  the  winter  seasou.  In  the  summer,  however, 
references  to  cold  waves  by  the  newspapers  relate  to  a  fall  of  temperature  and  not  so 
much  to  an  abnormally  low  temperature  for  the  season. 

When  the  temperatures  are  low,  considerable  falls  of  temperature  are  not  so  apt  to 
occur  as  when  high.  Many  exceedingly  important  falls,  both  as  regards  the  comfort 
and  business  interests  of  the  community,  are  comparatively  small  falls  when  the  tem- 
perature is  already  quite  low.  For  instance,  at  Washington  City  the  past  season  the  two 
most  important  falls  were  those  of  November  27,  1889,  and  February  20, 1890,  which 
were  only  12°,  and  although  flags  were  displayed  no  verifications  could  be  given  under 
the  rules  as  they  stand  at  present. 

For  South  Carolina,  Georgia,  Alabama,  Mississippi,  and  Louisiana  the  limit  of  36°  for 
verifying  a  cold  wave  is  too  low.  The  great  falls  ot  temperaturein  that  section  are  far  short 
in  most  cases  of  reaching  so  low  a  temperature.  In  some  instances  lastseason  where  (X)ld 
waves  were  not  verified  the  public  nevertheless  was  well  satisfied  with  the  predictions. 
At  Montgomery,  Ala.,  lor  instance,  there  was  one  case  (fa  fall  of  36^  when  a  cold-wave 
signal  was  displayed,  which  was  not  verified,  as  the  temperature  only  went  to  about  38°. 
While  it  may  not  be  expedient  in  most  cases  to  order  a  cold- wave  flag  display  unless  the 
temperature  goes  to  36°,  yet  when  the  fall  is  great  it  would  constitute  a  valuable  warn- 
ing  to  a  community  and  ought  to  be  signalized  in  some  way.  It  is  not  a  possible  thing 
to  predict  a  temperature  in  a  prospective  cold  wave  as  near  as  4°.  Whenever  a  cold 
wave  is  anticipated  and  the  temperature  is  expected  to  go  nearly  to  the  limiting  tem- 
perature the  tendency  is  to  put  up  a  cold- wave  signal  so  as  to  make  sure  cf  doubtful  cases. 

I  would  recommend  that  hereafter,  wherever  a  24^  fall  of  temperature  in  twenty-four 
hours  is  anticipated  and  the  lowest  temperature  is  to  be  about  36°  to  44°,  that  a  state- 
ment of  the  anticipated  fall  be  made  in  the  forecasts  in  addition  to  the  general  forecast 
of  temperature.  A  forecast  would  then  read  about  as  follows:  **Alabama,  lower  tem- 
perature; a  fall  of  36^  at  Montgomery.''  This  would  probably  be  an  acceptable  inno- 
vation to  the  public  and  would  be  a  satisfaction  to  the  forecaster  of  cold  waves  who,  in 
the  close  cases  where  flags  are  not  displayed,  is  always  in  fear  that  a  cold  wave  within 
the  meaning  of  the  definition  may  be  miased. 

The  whole  number  ot  places  where  severe  cold  waves  occurred  when  no  flags  were  dis- 
played was  only  lourteen. 

A  plan  for  the  forecasting  cold  waves  in  the  future  has  been  devised.  The  details  as 
far  as  have  been  worked  out  are  given  in  the  paper  accompanying  this  report  entitled 
* '  Prediction  of  Cold  Waves  from  Signal-Service  Weather  Maps.''  This  plan  of  fore- 
casting it  is  proposed  to  put  in  operation  the  coming  season. 

It  is  believed  that  forecasts  made  in  accordance  with  this  method  will  be  more  trost- 
worty  than  those  of  the  past  year. 

Very  respectfully,  T.  Russell, 

In  Charge  of  Cold-  Wave  Waminas. 

General  A.  W.  Gbbely, 

Chief  Signal  Officer,  U.  8.  Army. 
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PREDICTION  OF  COLD  WAVES  FROM  SIGNAL  SERVICE  WElTHER  MAPa 

[By  Thomas  Sciflsell,  AwrisUTit  Profe«or,  SlgnAl  Serrloe.] 


Washisotok  City,  July  2S,  1890. 

In  additdoD  to  sach  changes  of  temperatore  as  take  phioe  regularly  from  day  tonight 
there  are  nlao  large  irregular  falls  of  tempera  tare  occnrring  from  time  to  time  over  great 
areas  of  conn  try.  Warnings  are  issued  from  the  Signal  Office,  Washington  City,  by  tele- 
graph to  Tarions  places  throaghont  the  country  where  it  is  anticipated  that  great  falls  of 
temperature  are  about  to  occur.  The  basis  ot  the  warnings  are  the  meteorological  con- 
ditions observed  iustrumentally  at  141  stations  of  the  Signal  Service  scattered  over  the 
whole  eiptent  of  the  United  States,  an  area  of  about  2,970,000  square  miles,  excluding 
Alaska,  and  from  24  other  stations  in  the  Dominion  of  Canada;  9  in  the  far  Northwest, 
and  15  in  the  Maritime  Provinces.  The  observations  are  made  twice  a  day,  at  8  a.  m.  and 
8  p.  m.  Special  observations  are  sometimes  made  during  the  day,  as  caUedfor  from  the 
Washington  office,  whenever  the  data  of  the  8  a.  m.  observation  does  not  appear  decisive 
as  to  what  is  about  to  occur. 

The  cold-wave  flag,  white  with  a  black  square  in  center,  is  hoisted  at  Signal  Service 
stations  whenever  a  warning  of  a  great  fall  in  temperature  is  issued  to  the  place.  The 
telegram  states  the  lowest  temperature  that  may  be  expected  and  the  time  of  its  occur- 
rence. The  cold-wave  flag  is  displayed  at  signal  stations  in  likiinnesota,  North  Dakota, 
South  Dakota,  and  Montana  when  it  is  anticipated  that  there  will  be  a  fall  of  tempera- 
ture of  20°  or  more  in  twenty-tour  hours,  and  the  lowest  temperature  goes  below  32°. 

The  cold-wave  flag  is  displayed  for  a  fall  of  temperature  of  18°  or  more,  foiling  to  at 
least  34°,  at  Signal  Service  stations  in  Wyoming,  Colorado,  Nebraska,  Kansas,  Iowa,  Mis- 
souri, Wisconsin,  Illinois,  Michigan,  Indiana,  Kentucky,  Ohio,  West  Virginia,  western 
Pennsylvania,  New  York  State  except  New  York  City  and  Long  Island,  Connecticut, 
Rhode  Island,  Massachusetts,  Vermont,  New  Hampshire,  and  Maine. 

The  cold-wave  flag  is  displayed  for  afall  of  16°,  going  to  at  least  36°,  atNew  YorkCify 
and  Long  Island,  and  at  stations  in  New  Jersey,  Delaware,  eastern  Pennsylvania,  Dis- 
trict of  Columbia,  Maryland,  Virginia,  North  Carolina,  South  Carolina,  Tennessee,  Geor- 
gia, northern  Alabama,  northern  Mississippi,  northern  Louisiana,  Arkansas,  Indian  Ter- 
ritory, and  Texas,  except  a  strip  100  miles  in  width  along  the  Gulf  coast. 

A  frost-warning  flag,  the  same  as  cold-wave  flag,  is  displayed  at  stations  in  Florida 
and  in  other  States  at  places  within  100  miles  of  the  Gulf  coast  and  in  the  Pacific  coast 
States  when  it  is  anticipated  that  frosts  will  occur,  regardless  of  what  the  preceding  fall 
of  temperature  may  be.  A  frost  or  freezing  temperature  may  occnr  at  the  ground  in 
these  places  when  the  temperature  in  the  Signal  Service  thermometer  shelters,  which 
are  usually  at  least  40  feet  above  the  groond,  does  not  go  any  lower  than  40°. 

The  faXia  and  temperatures  given  aiSove  are  the  least  which  can  justify  a  display  of  a 
eold-wave  signal  in  the  various  districts.  When  a  cold- wave  warning  is  issued  and  these 
limits  are  not  reached,  the  warning  is  considered  a  failure.  The  falls  in  temperature 
for  the  various  districts  are  not,  however,  considered  of  great  importance  unless  they  are 
0°  greater  than  the  least  falls  given  above,  for  which  a  cold- wave  warning  can  be  Justi- 
fied, and  the  temperature  goes  at  least  6°  below  the  highest  justifying  temperature. 
These  latter  limits,  6°  greater  than  those  given  above  for  the  various  districts,  and  the 
temperature  going  at  least  6°  lower,  constitute  what  is  called  a  severe  cold  wave,  when 
the  20°  fall  of  temperature  covers  an  area  of  at  least  50,000  square  miles. 

For  simplicity  in  discussion,  a  cold  wave  will  be  considered  here  as  a  20°  fall  of  tem- 
perature in  twenty-four  hours,  covering  an  area  of  at  least  50,000  square  miles  when  the 
temperature  in  any  part  of  the  area  goes  to  at  least  36°. 

There  are  many  falls  in  temperature  of  less  than  20^  a  knowledge  of  which  would  be 
of  importance.  The  lowest  temperatures  at  a  pla(»  rarely  occur  with  the  greatest  falls. 
The  greatest  falls  are  apt  to  occur  when  the  temperature  is  high  for  the  time  of  the  year. 
A  temperature  of  60°  in  January,  for  instance,  is  apt  to  be  followed  by  a  fall  of  40°. 
With  a  temperature  of  20°,  however,  there  is  rarely  likely  to  be  a  fall  of  more  than  10° 
or  12°.  Small  faWs  at  low  temperatures  are  noticed  more  by  the  public  as  affecting  per- 
sonal comfort  or  business  interests  than  large  fialls  when  the  temperatures  do  not  go  so 
very  low. 

The  main  thing,  however,  that  a  Signal  Service  cold- wave  flag  is  meant  to  signalize 
is  a  prospective  great  fall  of  temperature  rather  than  a  very  low  temperature. 

There  is  a  great  mass  of  meteorological  material  in  the  Signal  Office  at  Washington 
City  available  for  the  investigation  of  cold  wavea.  For  the  purpose  of  forecasting  the 
weather  the  observations  made  twice  a  day  all  over  the  country  are  charted.  These 
observations  include  the  barometric  pressure  reduced  to  sea-level,  thd  temperature,  rain- 
fall, wind  velocity  for  fl.ve  minutes  preceding  the  time  of  an  observation,  and  also 
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greatest  wind  Telocity  in  preceding  twelve  hoars,  the  weather  at  the  time  of  ohserra- 
tion,  whether  raining  or  snowing,  or  whether  the  sky  is  clouded  completely  or  only 
half  cloady.  These  two  maps,  which  are  called  the  weather-maps,  with  their  isobnrie 
and  isothermal  lines,  generalize  the  observations  of  pressure  and  temperature  over  the 
whole  country.  They  are  printed  and  issued  to  the  public  two  hours  and  a  half  after 
the  time  the  observations  are  made  at  places  all  over  the  country  1,000  or  2,000  miles 
from  the  central  office  in  Washington. 

In  addition  to  the  weather-maps  auxiliary  charts  are  prepared  at  the  Washington 
office  for  iorecastini;  the  weather.  On  one  the  rises  and  ialls  of  pressure  for  the  past 
twelve  and  twenty- four  hours  are  shown  by  lines  joining  the  points  of  equal  rise  and 
fall.  The  falls  of  0.1,  0.2,  0.3  of  an  inch,  eta,  are  shown  and  also  the  rises.  The  twelve- 
hour  changes  are  in  blue  pencil  lines,  the  twenty-four  hour  changes  in  red. 

Another  map  shows  the  changes  in  temperature.  The  twelve-hour  changes,  corrected 
for  diurnal  range,  are  in  blue;  the  twenty-four  hour  changes  are  in  red.  Another  chart 
gives  the  kinds  of  clouds,  stratus,  cumulus,  cirrus,  etc.,  the  lower  clouds  in  blue,  the 
upper  in  red,  and  the  extent  of  sky  covered,  whether  one-quarter,  one-half,  or  three- 
quarters,  or  all  covered.  The  clond  chart  gives  also  in  the  morning  the  minimum  tem- 
peratures observed  by  means  of  the  self-registering  alcohol  thermometer,  and  in  the 
evening  the  maximum  temperature  from  the  self-registering  mercurial  thermometer. 

Another  chart  gives  the  temperature  of  the  dew-point  of  the  air,  that  is,  the  tempera- 
ture to  which  if  the  air  is  cooled  dew  will  begin  to  be  deposited. 

The  temperature-change  charts,  by  the  twenty,  thirty,  forty,  etc.,  temperature-fall 
lines,  show  where  a  cold  wave  is  prevailing.  They  are  very  various  in  extent,  sometimes 
covering  enormous  areas  of  country.  In  the  greatest,  that  of  January  17, 1882,  the  20^ 
fall  line  Included  an  area  of  1,101,000  square  miles,  while  the  10°  fall  line  included  an 
area  of  2,929,000  square  miles.  In  another  almost  as  large,  that  of  February  17,  1883, 
the  area  within  the  lO""  fall  line  was  1,381,000  square  miles;  that  within  the  20°  fall 
line,  1,065,000;  that  within  30°,  640,000;  that  within  40°,  187,000;  that  within  the  50"* 
curve,  31,000  square  miles. 

In  ten  years  there  have  been  six  cold  waves  in  which  the  area  within  the  20°  fall  line 
exceeded  1,000,000  square  miles. 

In  Table  I  is  given  a  catalogue,  in  chronological  order,  of  all  the  cold  waves  of  an  ex- 
tent of  50,000  sqaare  miles  or  over  that  have  occurred  in  the  United  States  from  Janu- 
ary 1,  1880,  to  December  31,  1889,  during  the  months  of  October,  November,  December, 
January,  February,  and  March.  The  catalogue  gives  the  areas  in  thousands  of  square 
miles  included  by  the  twenty,  thirty,  forty,  etc..  temperature-iall  lines.  The  ''extent 
of  cold- wave  "  is  a  fall  of  20°  over  an  area  of  50,000  square  miles  or  10°  over  an  area  of 
100,000  square  miles.  The  table  also  gives  the  place  of  greatest  fall,  the  greatest  fall  hi 
temperature,  and  the  temperature  before  the  fall  occurred. 

Table  I.— Catalogue  op  cold  waves  in  the  United  States  Octobbb,  Novem- 

BEB,  DeCEMBEB,  JANUABY,  FEBRUAKY,  and  MaBCH,  1880  TO  1889,  INCLUSIVE. 

[Areas  within  temperature  fall  lines  —20,  —^30,  —40  defp^es,  etc. ,  griven  in  thoaaands  of  square  miles. 
Last  column  gives  extentof  cold  wave,t4ikin>;  a20-degreo  fall  over  an  area  of  60,000  square  miles  aa 
unity.  The  date  given  is  the  day  of  the  lower  temperature ;  the  temperature  ia  that  at  place  of 
C^ateatfall,  and  the  amount  of  greatest  fall.] 


Date. 


1880 

Jan.      2 

3 

4 

6 

10 

11 

12 

13 

14 

19 

20 


—20 


131 
141 
38 
329 
3o5 
352 
8' 3 
211 
174 
206 
148 


—30 


37 
49 


153 
14 
37 

184 
34 
28 
32 
31 


—40 


11 


55 


41 


—60 


—60 


double  area 


double  area 


Center  of  cold  wave. 


St.  Vincent,  Minn 

Montreal,  Quebec 

Omaha,  Nebr 

St.  Vinoent,  Minn 

La  Croese,  Wis 

Quebec,  Quebec 

Madison,  Wis 

Burlington,  Vt 

Smithville,  N.  C 

Fort  Bnford,  N.  Dak 

Rockliffe,  Out 


I 


31 
38 
63 
25 
49 
37 
51 
43 
60 
36 
32 


PC4 


41 
35 
22 
44 
31 
32 
41 
31 
32 
31 
27 


8 
S 


«5 

> 


3.6 
3.8 
1.0 

10.3 
9.1 
9.1 

22.4 
5.5 
4.6 
6.4 
4.0 


REPORT   OF  Tip:   CHIEF   SIGNAL   OFFICER. 


75 


TjJUJB  I.— GA.TAL0O17E  OF  OOLD  WAVXB  IK  THB  TJVTXVD  StATIS,  ETC.— Contintiecl, 


Bnta 


Feb. 


1880. 

Jan.    21 

22 
23 
26 
27 
28 
29 
31 
1 
7 
8 
9 

10 

12 

13 

14 

15 

17 

18 

19 

20 

27 

28 

29 

1 

3 

5 

6 

7 

8 

11 

12 

14 

17 

23 

24 

25 

3 

4 

11 

12 

15 

16 

17 

18 

1 


Mar. 


Oot. 


Kov. 


5 

6 

7 

6 

10 

16 

17 

18 


—20 


186 
52 
259 
142 
136 
386 
409 
455 
70 


259 

439 

413 

235 

122 

91 

88 

353 

566 

70 

515 

299 

506 

43 

260 

41 

43 

353 

130 

378 

117 

158 


—30 


24 

229 

42 

36 

87 


49 

16 

339 

164 

200 

34 

22 

85 

282 

15 

92 

616 

418 

23 


13 


55 

20 


173 

48 


15 


.  33 

255 

56 

33 

15 


18 

19 

151 


329 
168 

85 


84 


40 

16 

166 


—40 


15 


68 


45 


25 


284 


33 


17 


-50 


—60 


doabl 


earea 


Center  of  cold  waTe. 


f  Naahville,  Tenn 

\  Cheyenne,  Wyo  .— 

St  Vincent,  Minn... 

St.  Paul,  Minn 

Virginia  City.  Mont 

Cheyenne.  Wyo 

St.  Paul,  Minn 

Quebec,  Quebec 

St.  Louis,  Mo 

Chatham,  N.  B 

Yankton,  S.  Dak— 

Pittsburgh,  Pa 

St.  Paul,  Minn -- 

Chatham,  N.B _- 

Omaha,  Nebr ». 

Abilene,  Tex   -- 

Knozville,  Tenn 

Chatham,  N.B 

Deadwood,  N.  Dak..* 

La  Crosse,  Wis 

Rochester.  N.  Y 

Sydney,  Nova  Scotia 

Virginia  City,  Mont 

Fort  Elliott,  Tex _. 

St.  Louis,  Mo 

Burlington,  Vt 

Fort  Assinniboine,  Mont.. 

Dodge  City,  Kans 

Rockliffe,  Out 

Bismarck,  N.  Dak — 

Saugeen,  Out 

Fort  Assinniboine,  Mont.. 

Escanaba,  Mich 

Des  Moines,  Iowa  >. 

Atlanta,  Ga 

Moorhead,  Minn 

Parry  Sound,  Ont 

Boston,  Mass 

North  Platte,  Nebr 

Fort  Smith,  Ark 

Dodge  City,  Kans 

Escanaba,  Mich 

Denrer,  Colo 

Fort  Smith,  Ark 

Columbus,  Ohio 

Smithville,  N.  C 

Boston,  Mass 

Deniaon,  Tex... 

Laredo,  Tex 

Montgomery,  Ala 

Boston,  Mass 

Palestine,  Tex 

Fort  Sully,  S.  Dak 

Denison,  Tex 

Fort  Smith,  Ark 


1 

a 

^-1 

0 

o 

58 

21 

41 

25 

20 

30 

30 

20 

37 

37 

22 

33 

23 

23 

35 

41 

59 

35 

40 

31 

33 

34 

35 

23 

30 

40 

22 

40 

49 

24 

68 

32 

66 

31 

5 

21 

35 

31 

44 

36 

52 

41 

42 

35 

22 

39 

48 

41 

60 

42 

34 

35 

31 

35 

60 

32 

22 

27 

22 

38 

32 

32 

23 

32 

13 

21 

22 

25 

61 

26 

34 

23 

33 

36 

36 

21 

56 

25 

64 

24 

64 

24 

59 

22 

51 

20 

71 

33 

65 

26 

76 

25 

61 

37 

66 

21 

60 

25 

67 

31 

60 

21 

64 

23 

34 

38 

46 

27 

36 

26 

8 


4.7 

1.2 

7.0 

3.7 

3.2 

11.7 

10.7 

10.6 

1.8 

6^8 

13.0 

10.8 

6.2 

3.2 

2.1 

2.5 

9.0 

15.4 

1.6 

15.6' 

9.3 

13.4 

LO 

6.9 

1.0 

1.0 

9.1 

3.4 

10. 8 » 

2.7 

4.1 

"a  6 

6.3 
LO 
0.8 
2.0 

"  LI 
0.4 
8.8 
3.8 
5.3 
0.8 
0.5 
2.0 
7.2 
0.4 
2.1 

17.8 
9.7 
0.5 
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Tablb  L— Catalooub  of  gold  wavbs  IK  THB  UinTXD  StatbSi  xic— Coatiimed. 


DAte. 


1880. 

Nov.    19 

Dec.      2 

5 

6 

7 

9 

14 

.       16 

27 

28 

29 

30 

1881. 

JaJL      3 

6 

7 

9 

13 

14 

15 

17 

30 

2 

11 

12 

13 

15 

16 

20 

23 

24 

26 

27 

28 

1 

3 

4 

15 

26 

30 


Feb. 


Mar. 


Oct. 


Nov. 


13 
16 
18 
9 
17 
18 
19 
20 
24 
25 
28 
30 


—20 


96 

272 
359 
415 
443 
103 
144 
.  10 
772 
426 
169 
323 

71 
317 
228 

94 
678 
1135 
848 
174 
130 
539 

74 
143 
164 

90 

31 

93 
424 
538 

95 
445 
304 

92 
417 
132 

73 

53 
133 

471 

160 

62 

75 

15 

44 

368 

509 

271 

43 

263 

321 

U 


—30 


118 
97 
42 


278 

111 

8 


61 


163 
694 
170 


12 
43 


25 


203 

48 

115 


16 
18 


39 


76 
203 


171 


—50 


—60 


6 


19 


50 

259 

15 


61 


21 


doable 


154 


doable  area 


Center  of  cold  wave. 


f  New  York  City.— 

\Colambas,  Ohio .- 

Fort  SaUy,  S.  Dak 

Keokak,  Iowa 

Looisville,  Ky 

Ly  nchboigb,  Va 

Loaifiville,  Ky 

Fort  Baford,  N.  Dak 

Nashville,  Tenn 

La  CroBBe,  Wis— 

Alpena,  Mich 

Chatham,  N.  B 

Cedar  Keys,  Fla 


Dee  Moines,  Iowa 

Fort  Bnford,  N.  Dak 

La  Croeae,  Wis — . 

Dodge  City,  Kans _-- 

Cheyenne,  Wyo 

Fort  Sill,  Ind.  T 

Montreal,  Qaebec 

FortEUiott,  Tex 

Tankton,  S.  Dak 

Knozville,  Tenn 

Ly  nchbnrgb,  Va 

New  Orleans,  La 

Lynchborgh,  Va 

Denver,  Colo 

Des  Moines,  Iowa 

Norfolk,  Va 

Dalath,  Minn _ 

Montreal,  Qnebec 

Fort  Afisiniboine,  Mont . . . 

Kansas  City,  Mo 

Indianapolis,  Ind 

Par^  Sound,  Ont 

Denison,  Tex 

Chattanooga,  Tenn 

FortEUiott,  Tex 

Nashville,  Tenn 

Knoxville,  Tenn 

f  Pittsbargh,  Pa 

\  Boston,  Mass 

Kansas  City,  Mo 

Milwaakee,  Wis 

Keoknk,  Iowa 1 

Chicago,  111 

Denver,  Colo — 

Kansas  City,  Mo 

Denison,  Tex 

Knoxville,  Tenn 

Chattanooga,  Tenn 

Rockliffe,  Ont 

Quebec,  Qnebec 

City,  Mo 


46 
19 
30 
49 
60 
53 
36 
35 
56 
25 
26 
31 
54 

23 
17 
17 
16 
38 
57 
34 
39 
27 
59 
57 
67 
59 
4 

19 
65 
21 
31 
36 
48 
53 
35 
59 
68 
52 
64 
65 
68 
64 
69 
68 
64 
56 
48 
61 
70 
66 
48 
22 
47 
54 


& 


23 
22 
26 
38 
38 
32 
25 
30 
23 
40 
36 
30 
22 

24 
40 
30 
26 
41 
50 
46 
27 
27 
34 
20 
28 
31 
22 
24 
32 
32 
46 
31 
35 
29 
31 
26 
30 
26 
26 
27 
24 
33 
28 
28 
20 
20 
24 
36 
42 
38 
24 
28 
35 
20 


8 


} 


2.2 


! 


6.4 

9.9 

1L2 

11.4 

2.4 

3.4 

0.2 

19.4 

n.6 

4.3 

7.6 

L7 

8.7 

5.3 

2.2 

19.0 

38.0 

23.0 

4.1 

3.2 

las 

L7 
3.3 
.43 
2.1 
0.7 
2.2 
9.9 

16.0 
2.8 

12.1 
7.1 
2.4 
9.7 
3.4 
L7 
1.2 
3.1 

12.1 

3.7 
1.4 
L8 
0.3 
LO 
9.8 
14.9 
6.3 
1.0 
6.2 
9.5 
0.3 
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Tabu  L— Oataloqitk  or  oold  Watis  nr  the  niimD  States,  etc. — Oontlnaed. 


j" 

■si 

h 

03 
66 
33 
39 
24 
66 
83 
87 
64 
69 
60 
61 
32 

62 
87 
3S 
19 
60 
4 
38 
31 
14 
69 
28 
65 
69 
16 
68 
33 
66 
37 
28 
33 
36 
66 
67 
31 
68 
64 
69 
31 
66 

es 

33 
41 

19 

ia 

14 

62 
66 
31 
70 
69 

87 
22 
22 
37 
32 
33 
30 
33 
23 
20 
21 
33 
25 

24 
23 
36 
36 

44 

30 
36 

43 
30 
29 
26 
30 
29 
29 
26 
29 
25 
44 
40 
47 
30 
30 
32 
26 
3t 
21 
25 
83 
31 
21 
37 
23 
28 
30 
33 
27 
39 
S3 
46 

ChattoDoog*,  Tenn 

23 
11 
B3 
45 
42 

2.0 

Bl«m.n!k.  N.  Dak 

108 

BoatoD  HaM 



66 
89 
639 
149 

Fort  Cnater,  Mont 

14 

Bt.  Vlnoent,  Minn 

Milw»ntea,  Wia 

314 

St.  Vlnoent,  Minn 





ChattMioog»,  Tonn .- 

78 

donblAUM 

St.  TiDcuit,  Minn 

JMkwnvUle,  Fl» 

Fort  Cust«,  Mont 

Dea  Moines,  Iowa 

FortBnforf,  N.  Dak 

Helena.  Mont 

7.6 

14 
2S1 
88 
393 
19 
28 
S9 

1S3 
19 
16 

doable  uea 
donblewM 

17.1 

doDble  ue* 

M6mphi^Tenn.. - 

7.0 

51 

SSSiItS'" :::; 

40 
86 

F«rtBn/ori,N.D«k 

119 
43 

St  Vincent.  Minn 

Panr  Soond,  Ont 

12 



40 

f  Fort  Elliott,  Tex- 

\EanMaa^,  Mo 

[I'.i. 

*  Hm  — 30  ennonnding  ~  30  not  n 
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Tablb  L-^-Oatalogue  of  gold  waves  in  the  United  States,  eto  — Ooatiniied. 


Dftte. 


1882. 
Not.  13 

14 

17 
Dec   2 

7 

8 

12 
13 
14 

15 

16 

31 

1883. 

Jan.   3 

4 

8 

9 

10 

11 

13 

14 

15 
18 
19 

20 

21 

22 

31 

Feb.   4 

5 

7 

8 

9 

10 

12 

16 

17 

18 

25 
26 

Mar.  3 

7 

8 

11 

12 

15 


—20 


482 

335 

21 

172 
708 

8T7 

116 

283 

70 

lis 

558 
26 

302 
198 
229 
421 
82 
253 
574 

554 

386 
324 
322 

385 

330 

498 

307 

337 

135 

111 

85 

62 

361 

63 

789 

1065 

762 

189 
96 

445 

671 
384 
121 
357 
428 


—30 


77 
72 


307 
183 

26 

18 


140 


92 


48 


27 
26 

129 


53 
111 

167 

7 

118 

56 

168 


—40 


26 

19 

174 

640 

274 


115 

123 
31 


88 


—50 


—60 


doable 


21 


doable 


56 


30 


54 


19 
187 

128 


doable 
doable  area 


31 


Center  of  oold  wa^e. 


/  SfareTeport,  La 

(.Palestine,  Tex 

f  Atlanta,  6a 

\PeD8acola,  Fla 

Fort  Washakie,  Wyo. 

Fort  Coster,  Mont 

Lamar,  Mo 

/  Cape  Hatteras,  N.  C . 

\  Wilmington,  N.  C  .. 

Aflsinniboine,  Mont .. 

Winnipeg,  Man 

Fort  Baford,  N.  Dak  .. 

r  Keokak,  Iowa 

\  Omaha,  Nebr 

Brownsville,  Tex  — 
Haron,  S.  Dak .. 


Fort  Stevenson,  Mont.... 

Kingston,  Ont 

Denver,  Colo • 

Rockliffe,  Ont 

Jacksonville,  Fla .- 

Des  Moines,  Iowa. 

Lab  Animas,  Colo 

{Shreveport,  La 
Dolnth,  Minn  — 

Chatham,  N.B 

Tanktoa,a  Dak 

Dodge  City,  Eans 

r  Dodge  City,  Kans \ 

\ Corpns Christi,  Tex...  J 

Sandosky,  Ohio 

Roekliffe,  Ont 

St.  Yineent,  Minn 

Shreveport,  La 

Washington  City 

Moorhead,  Minn  . .. 

Chattanooga,  Tenn 

St.  Vincent,  Minn 

Montreal,  Qaebec 

Des  Moines,  Iowa 

Moorhead,  Minn 

Keokak,  Iowa .... 

r  Washington  aty 

\  Father  Point,  Qnebee  ... 

Lamar,  Mo 

Parry  Sonnd,  Ont 

f  Pittsbnigh,  Pa , 

\Barlington,  Vt 

Springfield,  Mo 

Roekliffe,  Ont 

Parry  Sonnd,  Ont 

Sydney,  N.S 

Moorhead,  Minn . 


68 
65 
64 
73 
18 
44 
38 
46 
50 
32 
12 
8 
25 
22 
68 
11 

4 
25 
44 

1 

63 
27 
39 
60 
60 
34 
20 
22 

67 

36 
21 
11 
68 
66 

7 
62 

2 
19 
80 
30 
60 
60 
54 
60 
37 
64 
40 
53 

7 
31 
83 
28 


I 


i 

0 


82 
32 
33 
34 
29 
24 
41 
30 
33 
37 
32 
28 
20 
26 
82 
22 


\ 


1 


& 


12.7 


} 


9.0 


0.5 

4.0 

21.5 

23.5 

3.1 
7.2 
1.6 


} 


2.7 


14.9 
0.6 


45  11. 4 


22.6 


12.1 
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Tablb  L— Catalogue  of  cjold  waves  in  thb  TJkitkd  States,  etc. — Oontinaed. 


Date. 


1883. 
Mar.  16 
18 

19 

20 
21 

Oct  9 
15 
20 
21 
30 

Not.  6 


12 

13 

14 

15 

21 

26 

27 

28 

2 

3 

7 

8 

10 

14 

15 

17 

38 

20 

23 

25 

26 

27 

28 

31 

1684. 

Jan.   2 

3 

5 

6 

10 

11 

12 

14 

15 

18 

19 

90 
23 
24 

28  1 


—20 


468 
664 

848 

250 
96 
102 
116 
138 
139 
62 
350 

155 

298 

231 

380 

57 

27 
830 
567 

77 
173 
145 

80 
262 

44 
492 
971 

16 
373 

29 
298 
169 

92 
451 
440 
155 

297 
374 
466 
220 
79 
604 
157 
743 
516 
170 

703 

160 
483 

844 
28 


—30 


49 
497 

351 


289 
80 


58 
13 


181 
291 


104 


81 
32 
47 

102 
43 

24 
38 


87 


210 

225 

61 

328 


—40 


282 
123 


244 


—50 


109 


100 


122 


48 


17 
12 


53 
47 
38 

14 


—60 


doable  area 


doable 


doable 


42 


16 


15 
doable  area 


Center  of  cold  wave. 


Moatrealf  Qaebeo 

Wionipeg,  Man 

f  Kansas  City,  Mo 

t  Oswego,  N.  Y -,* 

Nashville,  Tenn 

Boston,  Mass ^ — 

North  Platte,  Nebr 

Boston,  Mass -. 

Mackinaw  City,  Mich 

Eastport,  Me 

Little  Rock,  Ark 

Kansas  City,  Mo  .. 

f  Colambas,  Ohio  . 

\  Nashville,  Tenn 

Nashville,  Tenn 

/Savannah,  6a 

\  Smithville.  N.  C 

St.  Paal,  Minn 

Lynchbargh,  Va 

Kansas  City,  Mo 

Winnipeg,  Man 

Lonisville.  Ky 

Yarmonth,  N.S . 

Dnluth,  Minn  .... 

Parry  Sonnd,  Ont 

Moorhead,  Minn . 

La  Crosse,  Wis 

Smithville,  N.  C 

Moorhead,  Minn ... . 

Montreal,  Qnebeo .. 

Keoknk,  Iowa 

Bismarck,  N.  Dak . 

Father  Point,  Quebec 

Yarmonth,  N.  S 

Shreyeport,  La 

Chattanooga,  Tenn 

Des  Moines,  Iowa 

Pensaoola,  Fla 

Palestine,  Tex 


Mobile,  Ala 

Kitty  Hawk,  N.  C 

Palestine,  Tex ^.-_ 

Smithville,  N.C 

Cheyenne,  Wyo 

Kansas  City,  Mo 

Mobile,  Ala  ... 

Moorhead,  Minn.... 

Rockliffe,  Ont 

Winnipeg,  Man 

f  Omaha,  Nebr 

\  Mackinaw  City,  Mich 

Lonisville,  Ky 

Fort  Baford,  N.  Dak 

Stb  Lonis,  Mo 

Winnip^  Man  .... 


a 


36 

29 

53 

47. 

59 

50 

62 

71 

50 

61 

68 

65 

55 

62 

63 

69 

64 

20 

49 

60 

29 

63 

52 

34 

38 

38 

60 

62 

33 

41 

30 

39 

17 

24 

66 

55 

37 

65 

66 

61 
60 
39 
42 
37 
36 
58 
37 
9 
28 
37 
30 
39 
23 
34 
20 


i 


38 
55 
38 
37 
33 
29 
26 
29 
26 
24 
21 
29 
21 
22 
29 
26 
28 
29 
23 
22 
44 
33 
25 
35 
36 
26 
26 
23 
40 
49 
23 
49 
30 
30 
25 
23 
45 
28 
33 

36 
34 
30 
34 
25 
31 
28 
63 
46 
51 
41 
43 
25 
45 
32 
24| 


^ 


12.1 
24.9 

24.1 

5.8 
2.2 
2.4 
2.7 
3.1 
3.2 
1.4 

ai 


3t6 
6.9 
5.4 


a9 

L3 

0.6 

24.4 

14.8 

1.8 

4.8 

3.7 

1.9 

6.1 

1.0 

13.8 

2a2 

0.4 

10.8 

0.7 

7.0 

3.9 

2.1 

12.2 

11.4 

4.3 

as 

9.7 
11.8 

6.8 

1.9 
15.8 

3.6 
21.4 
15.6 

5.4 

[21.0 

3.7 
15.3 
22.1 

0.6 
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Table  I.— Catalooub  of  gold  waybb  ik  the  United  States,  Era— Contlnaed. 


Date. 


Oct 


1884. 
Jnn.  31 
Feb.   1 
2 

6 

» 

9 
10 
13 
14 
15 
19 
20 
21 
23 
24 
27 
28 
29 
Mar.  3 
10 
12 
6 
9 
21 
22 
23 
29 
6 
6 
17 
18 
23 
24 
26 
28 
29 
Dee.  11 
12 

13 

15 
16 
17 
18 
19 
22 
23 

24 

25 

81 

1885. 

Jan.   1 

2 

9 

10 


Not. 


—20 


226 
302 
391 

208 

180 

80 

150 

360 

399 

376 

895 

350 

79 

546 

504 

845 

662 

149 

165 

468 

170 

180 

53 

48 

53 

57 

26 

27 

150 

63 

530 

682 

225 

56 

31 

62 

100 

51 

248 
205 
64 
336 
434 
238 
377 

232 

226 

391 

• 

1060 
901 
457 
283 


—30 


43 

51 


298 
86 


147 

217 

68 

81 

43 


—40 


50 
21 


10 

74 

341 

16 


10 
9 

88 


43 
99 


68 

305 

396 

135 

66 


65 


68 


21 
34 


45 

17 

46 
45 


-«) 


—60 


double  area 
double  area 


double  area 


double  area 


8 


Center  of  cold  waTe. 


Milwaukee,  Wis 

Pittsburgh,  Pa 

Bismarck,  N.  Dak 

f  Pittsburgb,  Pa 

\  Cheyenne,  Wyo 

Dodge  City,  Kans 

LouisYille,  Ky 

Little  Rock,  Ark 

Cincinnati,  Ohio 

Rockliffe,  Ont 

Moorhead,  Minn 

Davenport,  I^wa 

Eockliffe,  Ont 

St  Paul,  Minn 

Father  Point,  Quebec 

Moorhead,  Minn 

Milwaukee,  Wis , 

Smithville,  N.  C 

Yankton,  S.  Dak  — 

Charlotte,  N.  C 

Fort  Smith,  Ark  — _ 

Dodge  City,  Kans  . ... 

Detroit,  Mich 

Dodge  City^,  Kans 

Keokuk,  Iowa  — 

Rochester,  N.  Y 

Montreal,  Quebec 

Louisville,  Ky 

Boston,  Mass 

Dulutb,  Minn 

Quebec,  Quebec 

Kansas  City,  Mo 

Indianapolis,  Ind 

Eastport,  Me 

St.  Louis,  Mo 

Mobile,  A^a •_— _ 

Huron,  S.  Dak 

Corpus  Christl,  Tex 

/Atlanta,  Ga 

l  Chattanooga,  Tenn ^.. 

Moorhead,  Minn 

Dnluth,  Minn . 

St  Louis,  Mo 

Nashville,  Tenn 

Fort  Macon,  N.  C 

Yankton,  S.  Dak 

Pittsburgh,  Pa 

f  Denver,  Colo - 

\  Chatham,  N.  B 

Fort  Davis,  Tex 

Palestine,  Tex ... 

Parry  Sound,  Ont 

Chatham,  N.  B 

Wizmipeg,  Man  — ...  ... 

Pftnj  Sound,  Ont  «.^.... 


1 

2^ 

Extent  of  cold 
wave. 

o 

o 

44 

25 

5.3 

46 

23 

7.1 

32 

30 

9.1 

60 
29 

21 

28 

|4.8 

31 

29 

4.2 

59 

24 

1.8 

67 

30 

3.5 

55 

35 

9.4 

22 

41 

10.4 

16 

31 

8.8 

45 

42 

26.4 

33 

36 

10.0 

20 

29 

1.8 

29 

38 

14.9 

26 

46 

15.3 

27 

*36 

21.7 

57 

31 

17.2 

31 

36 

3.8 

58 

25 

3.8 

66 

32 

12.1 

63 

30 

4.4 

68 

29 

4.2 

60 

25 

1.2 

63 

23 

1.1 

64 

28 

1.2 

53 

22 

L3 

58 

21 

0.6 

54 

21 

0.6 

44 

29 

3.5 

42 

31 

1.5 

52 

40 

14.2 

56 

44 

20.7 

53 

31 

5.8 

54 

26 

1.3 

65 

25 

0.7 

29 

24 

1.4 

70 

27 

2.3 

64 
61 

26 
26 

}" 

20 

35 

5.8 

39 

23 

4.8 

39 

33 

1.7 

46 

32 

9.5 

53 

38 

11.6 

4 

25 

5.5 

48 

:<i 

9.8 

48 
32 

50 
38 

|7.3 

42 

26 

5.2 

64 

41 

10.6 

47 

46 

29.9 

41 

42 

26.8 

25 

36 

12.6 

37 

84 

7.6 
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Tablb  I. — Cataloous  of  cold  waves  in  the  United  States,  etc. — Continued. 


Date. 


Feb. 


1885. 
Jan.  11 
12 
13 
16 
17 
18 
21 
22 
24 
25 
26 
27 
28 
29 
1 
2 
5 
6 
7 

8 

9 
10 
11 
13 
16 
16 
17 
18 
19 

2 
10 
11 
13 
15 
16 

17 

19 

22 

23 

24 

25 

28 

29 

4 

5 

21 

7 

8 

12 
13 
14 
18 

J9 


Mar. 


Oct 


N9T, 


—20 


340 
869 
590 
6*25 
415 
487 
269 
397 

76 
319 

85 
607 
195 
205 
180 
311 
439 
214 

41 

244 

136 
960 
787 

17 
110 
155 
282 
186 
237 

64 
248 
114 

79 
356 
404 

216 

57 

37 

30 

161 

95 

157 

379 

26 

80 

63 

70 

62 

552 

460 

177 

12 

5:? 


—30 


109 
260 
210 

84 
188 
109 

62 
124 


19 


116 
60 
27 
35 
77 

126 


261 
397 


62 
34 


26 


19 
68 


24 
51 


—40 


36 
67 


23 
26 


—50 


—60 


doable  area 


17 


22 


22 
96 


8 


i 


doable  area 


Center  of  cold  wave. 


Chatham,  N.  B 36 

Dalath,  Minn 26 

Rockliffe,Ont 33 

Palestine,  Tex 51 

Montgomery,  Ala  __ 68 

Norfolk,  Va _ 68 

Fort  Baford,  N.  Dak 0 

Parry  8oand,  Ont 4 

Helena,  Mont-,j 24 

Kansas  City,  Mo 31 

Indianapolis,  Ind 24 

Rockliffe,  Ont 7 

Cairo,  111 38 

New  Haven,  Conn _  - .   40 

Moorhead,  Minn 17 

Parry  Sonud,  Ont.- 10 

Bismarck,  N.  Dak 39 

Colnmbas,  Ohio 34 

*FortCa8ter,  Mont 36 

f  Kansas  City,  Mo 36 

\  Des  Moines,  Iowa 26 

Fort  Apache,  Ariz _   42 

Nashville,  Tenn 62 

Cape  Henry,  Va 64 

Springfield,  111 25 

Prince  Albert,  Sask 6 

St.  Loais,Mo 38 

Toronto,  Ont 29 

North  Platte,  Nebr 28 

Montgomery,  Ala 50 

Alpena,  Mich 31 

Marqnette,  Mich 29 

Rockliffe,  Ont 5 

Oswego,  N.Y ^ 16 

St.  Paal,  Minn  _. 42 

Moorhead,  Minn 15 

f  Cincinnati,  Ohio 30 

\  Rockliffe,  Ont 0 

Minnedosa,  Man.... 10 

Corpns  Christi,  Tex 65 

Mobile,  Ala 53 

Moorhead,  Minn.-     2o 

Parry  Sound,  Ont.._ 19 

Parry  Sound,  Ont- 30 

Quebec,  Quebec 32 

Detroit,  Mich 65 

Rockliffe,  Ont 61 

Toronto,  Ont... 60 

Springfield,  Mo 64 

/Columbus,  Ohio 63 

\  Sandusky,  Ohio -_'  65 

Denver,  Colo.. |  54 

Fort  Smith,  Ark... 6:5 

Atlantji,  Ga 01 

Las  Animas '  46 

Little  Rock,  Ark I  61 


34 
47 
54 
35 
45 
41 
35 
37 
21 
31 
23 
39 
34 
30 
36 
43 
35 
32 
22 
22 
26 
25 
44 
50 
23 
28 
39 
40 
31 
24 
24 
31 
27 
24 
31 
31 
21 
28 
22 
23 
22 
23 
30 
28 
26 
23 
29 
25 
2J) 
23 
26 

;j8 

34 
26 
21 


8.3 

24.6 

17.7 

16.3 

12.4 

13.  S 

7.2 

10.9 

1.8 

8.1 

2.0 

16.1 

5.4 

5.4 

4.8 

8.7 

12.0 

5.0 

1.0 

5.7 


3.2 

25.8 

24.7 

•  0.4 

2.6 

4.4 

7.3 

4.3 

5.5 

1.5 

6.4 

2.6 

1.8 

9.0 

10.6 

I  5.0 

1.3 

0.8 
0.7 
3.7 
2.2 
3.7 
8.8 
0.6 
1.8 
1.4 
1.6 

^1  4 
J  * 

14.0 

11.9 

4.1 

0.3 

1,2 


11945  iJia  '  --6 
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Table  I. — Catalogue  of  cold  waves  in  the  United  States,  etc.— Continned. 


1 

Date. 

—20 

—30 

4 
1 

1 

— 40i 

i 

1 

—50 

—60 

i8a5. 

Nov.  20 

77 

54 

134 

124 

864 

,  457 

86 

489 

252 

221 

146 

91 

198 

84 

86 

25 

66 

154 

254 

351 

169 

304 
352 
189 
405 
505 
711 
397 
207 
138 
326 
192 
144 
619 
395 
114 
164 
410 
234 
308 

132 

201 
311 
402 
331 
708 
606 
153 
118 
125 

41 

* 

23 

1 

24 

Dec.   4 
5 

22 

299 

45 

1 

•••— —  -"1— ■•——-- 

6 

7 

doable  area 

1 

9 

134 
11 

• 

- 

10 

. 

11 
13 

doable 

)  arAA 

14 

" 

15 

triple  area 

16 

19 

f 
5 

. 1 

20 

'i 

mm            mm  ^            '•  —  —»—- 

1 

21 

t    ■ 

23 

33 
10 

98 
62 

80 

28 

1 

1 

24 

1 

25 

30 

24 

1886. 
Jan.   3 
4 

doabl( 

i  area 

5 

doable  area 
doable  area 
doable  area 

6 

7 
8 

109 

131 

230 

163 

85 

15 

12 

125 

23 

193 

244 

35 

27 

75 
21 

9 

14 

16 

17 

18 
22 
23 

36 

doabl 

e  area 

24 

71 

Feb.   1 

2 

doable  area 
doable  area 

3 

4 

84 

9 

69 

1 

10 
16 

double 

iarea 

19 

25 

20 

117 
49 

21 

25 

345 

l.'SH 

26 

245   29 

27 

22 

Mar.   8 

9 

--— -- j 

, 

10 
20 

rr-'T 

--r  r  » 

doable  area 
! 

Center  of  cold  wave. 


Boston,  Mass 

Mempbis,  Tenn -.. 

Wilmington,  N.  C .-_. 

Medicine  Hat,  Assin 

(Kansas City,  Mo 

\  Des  Moines,  Iowa . . 

Smitbville,  N.  C 

Cbicago,  111 

Shreveport,  La 

Columbos,  Obio 

Norfolk,  Va._ 

Corpas  Christi,  Tex 

Pensacola,  Fla 

Savannah,  Ga  -__ 

Chatham,  N.  B 

Moorhead,  Minn 

Parry  Sonnd,  Ont > 

Quebec,  Quebec __. 

Winnipeg,  Man 

Duluth,  Minn 

Chatham,  N.  B 

Minnedosa,  Man.. 

Palestine,  Tex . 

New  Orleans,  La ^ 

Charlotte,  N.  C 

Rockliffe,  Ont 

Cheyenne,  Wyo _ . 

Corpas  Christi,  Tex 

Montgomery,  Ala 

Fort  Assinniboine,  Mont. . 

Omaha,  Nebr _— ■ 

Chicago,  111 

Rockliffe,  Ont 

Denver,  Colo 

Saultde  Ste.  Marie,  Mich. 

Chatham,  N.  B — . 

Qu'  AppeUe,  Assin .  _ 

Huron,  S.  Dak 

Fort  Davis,  Tex 

Montgomery,  Ala.- 

St.  Vincent,  Minn 

JSprinefield,  Mo 

(  Fort  Davis,  Tex 

Knoxville,  Tenn 

Huron,  S.  Dak 

Saugeen,  Ont 

Quebec,  Quebec 

Winnipeg,  Man 

Mackinaw  City,  Mich 

Portland,  Me 

Qu' Appelle,  Assin 

Marquette,  Mich 

r  Shreveport  La 

\  Rockliffe,  Ont  ._ 

Kansas  City,  Mq--- 


6 

S 

t 
a 

^       Fall  of  tcm- 
1      perature. 

Extent  of  cold 
wave. 

o 

54 

24 

1.8 

62 

25 

1.3 

64 

24 

3.1 

50 

33 

3.3 

50 
44 

35 

38 

|24.1 

60 

32 

11.8 

22 

25 

2.0 

67 

33 

13.4 

60 

34 

6.4 

62 

2S 

5.2 

66 

29 

3.4 

61 

29 

2.1 

60 

28 

4.6 

30 

29 

1.9 

33 

30 

2.2 

31 

32 

0.6 

22 

23 

1.5 

37 

34 

4.1 

35 

30 

6.4 

38 

37 

9.6 

30 

43 

5.1 

64 

33 

8.3 

68 

30 

9.0 

62 

28 

4.4 

38 

45 

11.4 

23 

46 

14.6 

51. 

37 

20.2 

47 

39 

11.3 

27 

'30 

5.9 

31 

32 

3.6 

36 

30 

9.2 

28 

43 

6.4 

40 

34 

3.8 

24 

37 

17.1 

32 

48 

12.7 

1 

33 

3.1 

8 

29 

3.8 

53 

35 

11.0 

53 

31 

5.4 

34 

33 

8.3 

51 

20 

3.1 

56 

22 

58 

33 

4.7 

33 

S3 

7.5 

34 

37 

11.0 

15 

39 

8.7 

25 

47 

22.4 

39 

42 

17.8 

34 

32 

4.0 

17 

27 

2.7 

28 

25 

2.9 

50 
5 

20 
22 

1.0 

58 

23 

o.q 

s. 
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Table  I.— CATAiiOOUE  of  cold  waves  in  the  United  States,  etc. — Continued. 


Date. 


Oct 


Nov. 


Dea 


1886. 

Mar.  21 

27 

28 

30 

31 

1 

15 

16 

20 

21 

25 

2 

6 

7 

11 

12 

13 

14 

17 

18 

19 

22 

23 

24 

26 

1 

2 

3 

4 

5 

6 

12 

14 

15 

16 

19 

21 

23 

24 

25 

26 

27 

1887. 

Jan.   1 

2 

G 

^» 
i 

12 

13 

16 

17 

18 

19 

20 

21 

22 


—20 


144 

83 

72 

27 

48 

79 

63 

279 

96 

176 

81 

28 

65 

174 

155 

77 

155 

16 

541 

450 

325 

51 

456 

472 

302 

418 

337 

57 

278 

307 

20 

34 

58 

803 

315 

97 

118 

269 

101 

231 

531 

264 

739 
511 
432 
118 
253 
303 
361 
621 
660 
360 
224 
239 
345 


1 
1 

1 

—30 

1 

ft 
1 

-40 

1 
1 

-50 
doable 

1 
—60 

1 

1 

)  area 

1 

1 

1 

1 . ...  - 

1 

— --. 

36 

>...__- 

35 

116 

91 

108 
159 
130 
151 

17 

53 

21 

donbl 

i  area 

23 

144 
15 

27 

0 

21 
52 

doabl< 

B  area 

47 

165 

37 

72 

78 

90 

44 

150 

87 

41 

139 

156 

176 

9 

donbL 

i  area 

. 

22' 

75 

triple 

)  area 

36 



81 
191 

Center  of  cold  wave. 


s 
a 


Indianapolis,  Ind.. 

Helena,  Mont .. 

Denver,  Colo 

Galveston,  Tex 

Qa'  Appelle,  Asain.. 
Davenport,  Iowa ... 
Minnedoea,  Man — 

Boston,  Mass 

Nortb  Platte,  Nebr. 
Marqnette,  Mich . . . 

Dnlnth,  Minn 

Dodge  City,  Kans  .. 

Alpena,  Mich 

Yicksbnrg,  Mias 

Montrose,  Colo 

Shreveport,  La 

Chattanooga,  Tenn 


59 
28 
16 
63 
55 
55 
50 
65 
58 
66 
52 
54 
45 
60 
49 
69 
60 

Wilmington,  N.  C |  54 

Galveston,  Tex 

New  Orleans,  La 

Wilmington,  N.  C 

Fort  Caster,  Mont 

Kansas  City,  Mo 

Nashville,  Tenn... 

Wilmington,  N.  C 

Bismarck,  N.  Dak 

Indianapolis,  Ind 

Eastport,  Me 

Fort  Davis,  Tex 

Pensaoola,  Fla 

Jacksonville,  Fla ^ 

Dodge  City,  Kans 

St.  Vincent,  Minn 

Yankton,  S.  Dak 

Pensaoola,  Fla 

St.  Vincent,  Minn 

Huron,  S.  Dak 

Helena,  Mont 

Dnlath,  Minn 

Parry  Soand,  Ont _ 

Halifax,  N.  8 

Chicago,  111 


69 
74 
72 
24 
61 
69 
68 
35 
27 
32 
52 
62 
53 
43 
10 
42 
58 
13 
32 
32 
19 
30 
57 
29 

Des  Moines,  Iowa 15 

Wilmington,  N.  C 59 

Fort  Bnford,  N.  Dak 1 

RockUflre,Ont 12 

20 
12 
10 
53 
58 
40 
22 
37 
37 


St.  Vincent,  Minn 

Rockliflfe,  Ont 

Minnedoea,  Man 

Lamar,  Mo  -_ 

Chattanooga,  Tenn 

Halifax,  N.  8 

Fort  Assinniboine,  Mont.. 

La  Crosse,  Wis 

Chatham,  N.B 


I2 

O  e8 


27 
27 
24 
21 
35 
25 
23 
26 
27 
30 
20 
20 
24 
25 
36 
30 
28 
22 
25 
39 
36 
23 
41 
35 
33 
52 
29 
22 
26 
31 
24 
26 
20 
43 
30 
27 
33 
30 
27 
40 
39 
37 

31 
34 
36 
31 
52 
43 
32 
42 
40 
43 
33 
40 
«     47 


0$ 


3.4 
1.9 
1.7 
0.6 
1.1 
1.8 
1.5 
6.5 
2.2 
4.1 
1.9 
0.6 
1.5 
4.1 
4.2 
1.8 
3.6 
0.4 

13.8 

12.4 
8.9 
1.2 

12.6 

13.1 
8.6 

12.6 
7.9 
1.3 
6.5 
7.9 
0.5 
0.8 
1.  1 

21.8 
8.0 
2.3 
3.1 
7.2 
2.4 
6.3 

14.7 
7.0 

19.1 

13.4 

11.6 

3.3 

8.5 

8.6 

9.4 

16.2 

17.8 

11.0 

5.2 

6.6 

11.2 


'I 


i> 
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Tablk  I. — Catalogue  of  cold  waves  in  the  United  States,  etc. — Continned. 


Date. 


—20 


1887. 
Jan.  23 
24 
25 
26 
27 
29 
30 


—30 


Mar. 


Oct. 


Nov. 


222 
369 
558 
379 
660 
513 
474 
31  ■  270  - 


23 


36 
148 
115 
271 

98 


—40 


—50 


38 


—60 


triple  area* 


doable  area 


34  . 


Feb.   1  '  215  I  67  '  10  I  doable  area 


3  '  99 

4  336 


5 
9 


12 

18 
19 
24 
25 
27 
28 
2 


4 

7 

8 

9 

10 

13 

14 

15 

24 

25 

26 

28 

29 

8 

9 

23 

25 

30 

4 

5 

8 

11 

17 

19 

20 

21 

22 

23 

24 

26 


288 
426 


10  380 

11  543 


1015 

233 

140 

326 

446 

454 

154 

538 

219 

85 

331 

120 

83 

55 

471 

227 

56 

170 

103 

72 

227 

307 

54 

27 

140 

44 

53 

29 

158 

148 

19 

75 

276 

203 

204 

408 

178 

43 

103 


98 


82 
144 
205 
319 

45 


46 

115 

48 

16 

192 


189 


19 


35 

117 

97 


38 


27 


I 


113   21 


62 


18 


51 

10 

32 

104 


double  area 
19 


doable  area 


doable  area 


Center  of  cold  wave. 


i 
t 

s. 

a 


Kansas,  City,  Mo 56 

Enoxville,  Tenn 63 

Winnipeg,  Man 1 

SaaltdeSte.  Marie,  Micb.   25 
Eastport,  Me 34 

Fort  Caster,  Mont 37 

Yankton,  S.  Dak _.  ;  30 

Parry  Sound,  Ont... i  30 

Fort  Elliott,  Tex 45 

Moorhead,  Minn— 28 

f  Palestine,  Ter '  67 

o8 
34 
46 
36 
63 
63 
27 
58 
33 
21 
58 
24 
45 
60 
25 
24 
27 


IPittsbnrgb,  Pa 

Halifax,  N.S.. 

Alpena,  Micb 

Rapid  City,  S.  Dak.. 

Lamar,  Mo 

Colambns,  Ohio 

Chatham,  N.B 

Loaisville,  Ky 

Des  Moines,  Iowa ._- 

Eockliffe,  Ont 

Lonisville,  Ky 

Rocklite,  Ont 

Fort  Bnford,  N.  Dak 

f  St.  Loais,  Mo 

\E8canaba,  Mich 

La  Crosse,  Wis 

Qn'  Appelle,  Assin. 


Parry  Sound,  Ont '  34 


doable  area 


20 


Burlington,  Yt 
SaoltdeSte.  Marie,  Mich.. 

Winnipeg,  Man 

Cincinnati,  Ohio _. 

Albany,  N.Y 

St.  Vincent,  Minn 

Alpena,  Mich 

Quebec,  Quebec 

Shreveport,  La 

Jacksonville,  Fla 

Montrose,  Colo 

Concordia,  Kans 

Fort  Caster,  Mont 

San  Antonio,  Tex 

Indianapolis,  Ind 

Yankton,  8.  Dak 

Oswego,  N.Y 

Sault  de  Ste.  Marie,  Mich. 

KnoxyiUe,  Tenn . 

Springfield,  Mo 1 

Swift  Current,  Assin 

St.  Louis,  Mo 

Cedar  Keys,  Fla 

Fort  Buford,  N.  Dak 

Fort  Sully,  8.  Dak 

Little  Rock,  Ark I  64 

Cbeyenne,  Wyo •  28 


32 
9 
33 
54 
36 
32 
35 
28 
64 
60 
64 
64 
34 
72 
46 
50 
58 
52 
55 
56 
40 
46 
62 
32 
2H 


8 


5^ 


a 

9 

♦^ 

M 


08 


36 

5.8 

29 

8.6 

30 

13.0 

33 

9.8 

40 

17.7 

43 

14.3 

42 

14.1 

46 

8.0 

40 

5.9 

28 

2.3 

42 
34 

9.5 

31 

6.7 

38 

11.3 

43 

11.2 

54 

16.9 

44 

29.4 

37 

5.4 

25 

3.2 

32 

8.5 

43 

12.6 

32 

11.8 

31 

4.0 

49 

15.6 

27 
33 

5.1 

22 

2.0 

43 

9,8 

31 

2.8 

27 

1.9 

22 

1.3 

43 

13.1 

30 

5.3 

25 

1.3 

35 

4.6 

27 

2.4 

24 

1.7 

29 

5.3 

23 

7.1 

28 

1.3 

20 

0.6 

22 

2.9 

24 

1.0 

22 

1.2 

24 

0.7 

30 

3.9 

24 

3.4 

22 

0.4 

24 

1.7 

36 

6.9 

30 

5.1 

34 

5.4 

:jo 

11.0 

28 

4.1 

20 

1.0 

34 

2.7 
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Table  I.— Catalogue  of  cold  waves  in  the  United  States,  etc.— Continued. 


Date. 


1887. 

Nov.  27 

28 

29 

Dec.   4 

5 

6 

9 

12 

18 

19 

20 

21 

22 

23 

24 

26 

27 

28 

29 

30 

1888. 

Jan.   1 

2 

5 


8 

13 
14 
15 
16 
19 
20 

4 

o 

7 

8 

9 

10 

14 

15 

16 

20 

21 

25 

26 

27 

2 

3 

4 

9 

10 

11 


Feb. 


Mar. 


—20  —30 


891 

806 

373 

356 

544 

47 

82 

17 

59 

659 

751 

338 

23 

10 

141 

139 

173 

564 

830 

226 

422 

244 

49 

246 

525 

641 
657 
513 
443 
193 
235 


525 

367 

158 

24 

51 


31 


—40 


118 

126 

23 


200 

123 

76 


50 


195 

85 
68 

60 


24 

158 

217 
159 
255 
139 
16 
30 


—50 


31 


18 
26 

7 


24 


26 

75 
29 

58 


—60 


double  area 


donble  area 


doable  area 
I 


Center  of  cold  wave. 


doable  area 


Palestine,  Tex.-. 

Knoxville,  Tenn. 

Cheyenne,  Wyo-. 

Springfield,  Mo., 
i; Palestine,  Tex-_. 
^Moorhead,  Minn. 

Valentine,  Nebr_ . 

Toledo,  Ohio  .... 

Palestine,  Tex... 

Oswego,  N.  Y 

Cedar  Keys,  Fla. 

Cheyenne,  Wyo. 


(A  large  20-and-30  area  in  the  north-west  not  measared.) 


185 

' 

244 

26 
53 

166 

9 

119 

3a'> 

334 

143 
353 

229 

82 

59 

774 

72 
46 

912 
440 

280 

116 

210 

58 
74 

260 

70 

287 

34 

87 

478 

38 

15 

224 

18 

796 

*  ^  «■«■<* « 

Chatham,  N.  B. 

La  Crosse,  Wis 

Huron,  S.  Dak 

Springfield,  111 , 

Fort  Buford,  N.  Dak. 

Halifax,  N.S 

Tankton,  S.  Dak 

Detroit,  Mich 

Boston,  Mass 

^Dubuque,  Iowa 

/Minncdosa,  Man 

Escanaba,  Mich 

Moorhead,  Minn 

Toledo,  Ohio 

Rockliffe,  Out 

Fort  Sill,  Ind.  T 

St.  Louis,  Mo 

Philadelphia,  Pa 

Valentine,  Nebr 

Concordia,  Eans 

Duluth,  Minn ... 


i 

0 
g 

a 


FortElliott*  Tex 

Louisville,  Ky 

Philadelphia,  Pa. 

Fort  Saj,  Ind.T 

Duluth,  Minn 

Lynchbuigh,  Va 

Qu'Appelle,  Assin _. 

La  Crosse,  Wis 

Jacksonville,  Fla 

St.  Vincent,  Minn — 

North  Platte,  Nebr 

St  Louis,  Mo 

St.  Paul,  Minn 

Rockliflb,  Ont _- 

Yankton,  S.  Dak 

Fort  Buford,  N.  Dak 

Port  Arthur,  Ont 

Keokuk,  Iowa 

Wilmington,  N.  C 

Yarmouth,  N.  S 


38 
68 
62 
62 
34 
52 
30 
24 
62 
20 
30 
42 
12 
4 
34 
10 
16 
32 
60 
32 

64 
54 
40 
58 
68 
16 
30 
40 
48 
38 
64 
34 

16 
38 
30 
30 
4 
36 
40 
36 
38 
42 
14 
34 
34 
48 
26 
58 
60 
38 
32 
48 
88 


S  . 

o  ^ 


42 
58 
36 
24 
36 
22 
84 
22 
22 
42 
48 
42 
26 
20 
38 
30 
32 
42 
32 
36 

40 
30 
30 
34 
48 
38 
50 
36 
44 
36 
34 
42 


8 


M 


28.5 

25.3 

11.1 

9.1 

14.0 

1.1 

2.3 

0.4 

1.4 

18.6 

20.2 

9.2 

0.5 

0.2 

3.9 

3.2 

4.0 

16.2 

21.4 

6.2 

11.0 
5.7 
1.2 
6.4 

|l4.7 

18.8 
18.3 
15.8 
12.2 
5.0 
6.1 


34 

4.3 

28 

6.3 

48 

4.7 

26 

2.6 

30 

9.0 

32 

9.5 

50 

23.5 

42 

25.5 

40 

11.1 

27 
34 

}7.6 

24 

2.7 

42 

5.7 

34 

7.1 

40 

1.6 

30 

7.4 

36 

12.6 

22 

0.9 

26 

0.4 

36 

5.8 

30 

18.6 

86 
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Table  L — Catalo(iuk  of  cou>  waves  in  the  United  States,  etc. — Continaocl. 


Date. 


1888. 

Mar.    12 

15 
16 
17 
19 
20 
21 
22 
25 
26 
27 

2 
19 
20 

2 


Oct. 


Dec. 


Nov. 


3 

6 

7 

9 

10 

11 

16 

21 

3 

5 

6 

11 

16 

21 

22 

24 

25 

26 

27 

28 

1889. 

Jan.      9 

10 

17 


Feb. 


18 

20 

21 

26 

27 

28 

31 

3 

4 

iy 

6 

16 

17 


—20 


I 


278 

184 

47 

160 

378 

283 

422 

486 

94 

25 

19 

174 

111 

149 

60 

204 

50 
90 

176 
72 

115 
44 
90 
49 

102 
10 

232 
31 

383 

125 
67 
80 

102 

144 
33 

259 

161 

551 

280 
163 
139 
464 
220 

33 
285 

90 

60 
658 
356 

63 
372 


—30 


80 


97 
49 
87 
25 


—40 


—50 


—60 


28 


14 


24 
38 


28 


60 


245 


doable  area 


86 


Center  of  cold  wave. 


^Charleston,  a  C 

iCedarKeys,  Fla 

Prince  Albert,  Sask 

St  Paul,  Minn 

Alpena,  Mich 

Qa'Appelle,  Aasin 

Keoknk,  Iowa 

Bismarck,  N.  Dak 

Escanaba,  Mich 

Rapid  aty,  S.Dak 

Lamar,  Mo 

St.  Louis,  Mo 

Rapid  City,  S.  Dak 

Concordia,  Rans 

Fort  Smith,  Ark 

Omaha,  Nebr.. 

^Indianapolis,  Ind 

^  Fort  Smith,  Ark 

Lamar,  Mo 

Rochester,  N.  Y ... 

Vicksburg,  Miss 

Chattanooga,  Tenn ...  .. . . 

Wilmington,  N.  C 

Milwaukee,  Wis 

Sydney,  N.  S - 

North  Platte,  Nebr 

Fort  Assinniboine,  Mont.. 

RockUffe,  Out 

Moorhead,  Minn ... 

Crete,  Nebr 

Port  Arthur,  Out 

Kingston,  Ont 

Rapid  City,  S.  Dak 

Des  Moines,  Iowa 

Springfield,  Mo 

Springfield,  111 — . 

Montreal,  Qnebec 


double  area. 
I 


123 


339 
81 


double  area 

171         41 


60 
65 
18 
34 
24 
40 
56 
34 
28 
42 
52 
52 
60 
62 
68 
62 
68 
70 
68 
66 
68 
68 
72 
46 
46 
'38 
50 
32 
28  I 

54  : 

26  > 

32 

40 

52 

62 

52 

44 


39 


(Palestine,  Tex... 56 

^Fort  Bufoid,  N.  Dak 22 

Milwaukee,  Wis 38 

(StPaul,  Minn 38 

^Minnedosa,  Man 16 

St.  Vincent,  Minn 10 

Huron,  S.  Dak -    10 

Keokuk,  Iowa 30 

Moorhead,  Minn '  24 

Fort  Smith,  Ark I  44 

Chattanooga,  Tenn t  54 

Winnipeg,  Man <  14 

White  River,  Ont ;  22 

Father  Point,  Quebec 1    6 

Moorhead,  Minn !  18 

PortHuron,  Mich I  :16 

Fort  Elliott,  Tex... 50 

StPaul.Minn 28 


24 
27 
38 
28 
24 
48 
40 
40 
30 
24 
20 
22 
28 
28 
30 
26 
26 
24 
28 
26 
24 
24 
26 
24 
28 
22 
28 
20 
30 
29 
32 
40 
24 
32 
26 
30 
24 

26 
34 
26 
32 
34 
26 
30 
26 
50 
'AO 
26 
38 
34 
32 
54 
46 
24 
M 


1 6.5 

5.3 

1.1 

3.7 

10.6 

7.6 

11.3 

12.3 

2.2 

0.6 

0.4 

4.1 

2.6 

3.5 

1.4 


}-• 


8 


1.2 
2.1 
4.1 
1.7 
2.7 
1.0 
2.1 
1.1 
2.4 
0.2 
6.9 
0.7 
9.6 
3.4 
1.6 
1.9 
2.4 
2.2 
0.8 


} 


!»• 


4.7 
3.8 
3 


6.6 
3.8 
3.2 

14.8 
5.1 
0.8 
8.1 
2.1 
1.2 

21.4 
9.6 
1.5 
9.6 
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Table  I.—Catalooue  of  cold  waves  in  the  United  States,  etc.— Continued. 


Date. 


1889. 


Feb.  18  .-^24 

19  I  :i26 

21  139 

22  j  489 

23  I  034 


Dec. 


24  163 

Mar.  13  371 

15 

16 

27 

29 

Nov,   2 

3 

4 

7 

11 


65 
42 
36 
26 
55 
69 
94 
74 
497 


12  205 


13 
15 
18 
28 
9 

11 

14 
15 
17 
19 
20 
25 
26 
27 
29 
30 
31 


Center  of  cold  wave. 


S 

d 


I 


I 


203 

46 

53 
120 
411 

334 

124 

47 
110 
316 
142 
258  ' 

15 
202 
566 
749 
408 


doable  area 


150 


118 
33 


190 

228 
79 


doable  area 


16 


^Palestine,  Tex 56 

JRockliffe,  Ont 38 

Aagosta,  Ga 70 

Qn' Appelle,  Assin |    4 

La  Crosse,  Wis.. 20 

J  Erie,  Pa 32 

^KinK8ton,Ont 34 

Sydney,  N.S ]  36 

Minnedosa,  Man !  24 

Concordia,  Kanb 52 

SpringfleM,  Mo '  54 

Moorhead,  Minn 1  42 

do 26 

Naahvillo,  Tenn !  66 

Sandnsky,  Ohio 66 

Lyncbbargb,  Va 68 

Minnedosa,  Man !  34 

St.  Vincent,  Minn !  ,38 

El  Paso,  Tex !  50 

Galveston.  Tex 70 

Nortbfield,  Vt ..-|  46 

70 
64 
30 
62 
24 
48 
62 


Jacksonville,  Fla . 

Mobile,  Ala 

St.  Vincent,  Minn _ 

^Springfield,  Mo 

}  St.  Vincent,  Minn 

Rochester,  N.  Y .- 

Indianapolis,  Ind 

Kansas  City,  Mo |  54 

St.  Vincent,  Minn .34 

Port  Arthur,  Ont j  32 

Des  Moines,  Iowa.-_ '  60 

Huron,  S.  Dak !  16 

Parkersburgh,  W.  Va I  62 

St.  Vincent,  Minn  ,J  24 

Chicago,  111 j  60 

Eastport,  Me I  48 


-S  1  S  fe 


3  ? 

a  * 


=5  8.!- 


X 


28 

34 

34 

28 

36 

40 

46 

46 

34 

28 

22 

26 

20 

22 

26 

22 

22 

32 

22 

28 

24. 

26 

24 

38 

26 

28 

26 

26 

20 

42 

30 

34 

24 

30 

44 

44 

40 


}'■ 


I 


8.4 
2.2 
13.4 

19.8 

4.7 
9.9 

.1.5 
1.0 
0.8 
0.6 
1.3 
1.6 
2.2 
1.7 

11.6 
4.8 
4.7 
1.1 
1.2 
2.8 


11. 


8 


2.9 

1.1 

2.5 

8.9 

3.8 

6.8 

0.4 

4.7 

15.7 

21.1 

10.8 


I 


In  a  cold  wave  the  temperature-falls  on  a  map  have  graphically  the  semblance  of  a 
cone.  The  altitude  of  the  cone  is  the  greatest  fall  in  temperature.  The  temperature- 
fall  lines  represent  the  section  lines  of  planes  with  the  cone.  Table  I  gives  the  extent 
of  fall  below  the  20^  fall  curve.  It  includes  none  of  the  fall  less  than  20"=".  The 
amount  of  the  fall,  however,  less  than  20°  is  important,  as  became  apparent  as  this  in- 
vestigation progressed.  The  area  included  by  the  10°  fall  curve,  even  in  the  case  of  the 
smallest  cold  wave,  is  rarely  less  than  500,000  square  miles.  In  many  cases  it  amounts 
to  1,500.000  square  miles  or  more. 

In  Table  I  many  of  the  ureas  given  are  only  approximate.  In  some  cases  the  areas 
AX  tended  beyond  the  region«covered  by  observation  stations  and  the  curves  had  to  be  in- 
closed by  estimation  as  best  they  could.  This  has  not  introduced  any  great  inaccuracies 
however,  except  in  a  few  cases  Where  only  the  western  side  of  a  temperature-fall  area 
was  visible  along  the  Atlantic  coast,  and  the  position  of  its  eastern  border  out  in  the  At- 
lantic Ocean  had  to  be  estimated. 

The  areas  were  measured  with  a  '*  rolling  *'  planimeter  on  maps  of  the  United  States 
on  a  scale  of  ioiAogo>  ^^  about  1  inch  to  160  miles. 
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The  areas  of  the  10  /alls  of  temperature  of  certain  of  the  cold  waves,  which  have 
been  made  the  subject  of  investigation,  are  given  in  Table  XIV. 

In  many  of  these  cases  the  allowance  to  be  made  to  the  extent  of  cold  wave  for  area 
of  fall  between  10°  and  20^  is  five  or  six  times  as  mnch  as  the  extent  of  cold  wave  below 
20^  In  the  case  of  lai^e  cold  waves,  with  a  20''  fall  area  of  more  than  1,000,000  square 
miles,  the  fall  between  10^  and  20°  only  adds  a  small  part  to  its  extent. 

The  area  outside  of  the  10°  fall  line  to  the  zero-fall  is  not  usually  measurable  vdth 
any  exactness  on  account  of  the  ill-defined  position  of  the  zero-fall  line. 

The  areas  wei'e  all  measured  on  the  a.  m.  temperatuie-change  maps.  Beginning  July 
1,  1888,  the  weather  maps  of  the  Signal  iService  have  been  based  on  observations  made 
at  8  a.  m.  and  8  p.  m.  Previous  to  that  time  the  observations  were  made  three  times  a 
day  at  7  a.  m.,  3  p.  m.,  and  10  p.  m.  The  last  observation  of  the  day  in  some  of  the 
earlier  years  was  made  at  11  p.  m. 

All  that  is  given  here  pertains  to  the  a.  m.  maps  of  the  various  years  and  deals  ex- 
clusively with  the  twenty-four  hour  temperature- falls. 

It  is  taken  for  granted  that  what  is  true  concerning  temperature-falls  from  7  a.  m.  of 
one  day  to  7  a.  m.  of  the  next  will  also  hold  good  for  the  interval  8  a.  m.  to  8  a.  m. 

This  investigation  does  not  touch  on  the  temperature-falla  of  the  3  p.  m.  map.  That 
observation  having  been  discontinued,  it  would  be  of  only  limited  practical  interest  to 
establish  anything  in  relation  to  those  changes.  This  map  is  very  important,  however, 
as  in  many  cases  of  very  severe  cold  waves  the  low  temperatures  become  first  apparent 
on  this  map  in  the  afternoon  in  t\)e  far  Northwest  The  data  is  so  very  extensive  that  a 
limitation  had  to  be  made,  and  therefore  no  discussion  of  the  10  p.  m.  or  11  p.  m. 
weather  maps  was  undertaken. 

This  investigation  of  cold  waves  is  based  on  maps,  going  back  as  far  as  1880.  The 
material  in  1880  and  1881  west  of  the  Mississippi  Biver  is  not,  however,  as  well  adapted 
Jor  the  purpose  as  that  of  the  later  years.  Observing  stations  in  the  western  country 
were  very  few  at  that  time.  Moreover,  the  reduction  of  barometric  pressure  to  sea-level 
previous  to  1882  was  made  on  a  different  plan  from  that  in  use  since  then. 

Many  of  the  foregoing  temperature-falls,  though  classed  as  cold  waves,  are  practically 
unimportant.  In  the  case  of  areas  of  less  than  100,000  square  miles  tiie  lowest  accom- 
panying temperatures  are  usually  not  lower  than  freezing-point.  These  occurring  in 
the  early  morning  are  not  much  noticed.  Where  the  areas  of  change  aresmall  the  low 
temperature  does  not  last  long,  and  by  the  time  the  sun  has  risen  there  is  a  rise  of  8°  or 
10°  in  the  temperature. 

A  temperature  change  to  be  of  importance  ought  to  exceed  somewhat  the  limit  of  the 
diurnal  range  of  temperature  at  the  place  for  the  time  of  the  year.  If  the  change  is 
less  than  this  the  lower  temperature  should  at  least  go  below  32°  to  be  considered  a  cold- 
wave. 

In  the  Western  country,  and  especially  at  elevated  stations,  the  diurnal  ranjze  is  much 
greater  than  in  the  East  and  at  stations  near  sea- level.  The  following  average  values 
are  taken  from  '  'American  Weather. ' '  At  New  York  and  New  Orleans  the  diurnal  range 
of  temperature  is  15°  in  January  and  12°  in  July,  At  El  Paso,  Western  Texas,  it  is  2o° 
in  January  and  33°  in  May.  At  St.  Vincent,  Minn.,  it  is  23°  in  January  and  25°  in 
August.  At  Fort  Apache,  Ariz.,  at  an  elevation  of  5,050  feet,  it  is  29°  in  January  and 
45°  in  September.  At  Tatoosh  Island,  Washington,  it  is  7°  in  January  and  11°  in  July. 
At  Campo,  in  southern  California,  at  an  elevation  of  2,710  feet,  the  range  in  vSeptember 
is  45.4°.  The  diurnal  range  is  the  average  difference  for  the  month  between  V.ue  iiighest 
and  lowest  temperatures  of  the  day. 

In  Table  II  is  given  a  resum6  of  the  cold  waves  of  different  magnitudes  occurring  in 
the  various  months  and  years.  The  magnitudes  are  arranged  according  to  the  areas  of 
the  20°  temperature-falls,  50,000  to  100,000  square  miles  being  the  smallest,  100,000  to 
200,000  square  miles  the  next  in  size,  then  200,000  to  300,000,  and  so  on  increasing  by 
100,000  square  miles  up  to  the  area  1,100,000  to  1,200,000  square  miles. 
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Table  II. — Number  of  cold  waves  of  various  extent,  October  to  March, 

1880  to  1889,  INCLUSIVE. 


[Arrangca  according  to  areas  in 

aqaare  miles  of  2(P  temperature-falls.] 

Month. 

o 

ocT 

oo 

2 
4 
3 
3 
4 

3 
3 
2 

1 
1 

1 

1 

^0 

ii 

4 

.     1 

2 

1 

'  "2 

1 

1 

400,000    to 
MM              500,000. 

500,000    to 
600,000. 

600,000    to 
700,000. 

700,000    to 
800,000. 

.                 800,000    to 
M              900,000. 

900,000    to 
1,000,000. 

1,000,000  to 
1,100,000. 

1,100,000  to 
1,200,000. 

1880. 

January 

February 

March 

7 
1 
3 
1 

2 
2 
2 

1 

■  T 

4 
1 
5 

3 

October 

November 

1 
3 



1 

December 

1 

1881. 

January 

February 

March 

2 
5 
3 
2 
2 
5 

2 
1 
2 
1 

1 

1 

1 

2 
1 
1 

'"2 

1 

2 

October 

November 

2 

1 
4 
1 

2 
1 

3 
1 
2 

1 

1 
j^  _  _  _  ■ 

December ... 

1882. 

January 

February 

March 

1 

2 

October 

November 

1 

1 

2 

2 

.1 

December  -  . 

2 

1 
4 
1 
1 
2 
4 

2 

2 

3 

1 
3 
1 
4 
1 
4 

3 
2 
2 
2 
1 
1 

1 
6 
3 

1 

1 

1883. 

6 
2 
2 

2 

February 

2 

1 

March 

3 

2 

1 

October  - .- 

November 

1 
2 

3 

1 

3 
1 

1 
6 

'"3" 
2 

.  — 

1 

December  -  . 

1 

1884. 

January 

February 

March -» 

1 
1 

2 

1 
2 

October 

4 
2 
3 

2 
1 
6 
3 
5 
5 

November  _  -— - 

1 
5 

3 

4 
2 

1 

December  - 

3 

3 

1 
2 

1 

3 

1 
1 

1885. 
Januarv 

2 

1 

1 

1 

February 

March 

1 

October  .—  .-_- 

November 

2 

4 

4 
4 
3 

1 
3 
2 

1 
2 
3 
1 
4 

1 
2 

1 
2 

December 

4 

1 
1 

1 

5 
3 

1 

1886. 
January 

-  •  — .  w  — 

1 
1 

1 
1 

February 

1 
4 
4 
3 
4 

March 

October  

1 
■■4' 

5 
2 
3 

, 

November 

2 
3 

5 
3 
2 

3  '       1 

December 

1 

3 
3 
1 

1 

3 
2 
1 

1 



...-_- 

1887. 
January 

3 

1 

February 

March 

1 
5 
3 
2 
3 

1 

i" 

October 

1  -  —  --  - 
1 

November .  - 

:i 

1 
2 

1 

1 ' 

2 

December 

3         1 

2 

1 

1 

1 

1 
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TABLK  II. — NUMIIKB  OF  (01.1)   WAVKS  OF   VARlOl  S  EXTENT,  KTC. — Contiliaed. 


Month. 


1888. 

January ^. 

Febrnary _ 

March ._.. 

October 

Kovember 
December 

1889. 
January 
February 
March 
October 
November 
December  . 


In  Table  III  are  given  the  total  number  of  cold  waves  of  various  magnitudes  occurring 
in  ten  years  during  the  months  of  October,  November,  December,  January,  February, 
and  March.     The  whole  number  is  621. 


Table  ni.— Whole  Number  of  Cold  waves  1880  to  1890.    According  to  Ex- 
tent OF  20°  Temperatube-Fall  Areas. 


50,000  to  100,000  square  miles 

100,000  to  200,000  square  miles 

200,000  to  300,000  square  miles  

300,000  to  400,000 square  miles 

400,000  to  5(H),  000  square  miles 

500,000  to  600,000  square  miles 

600,000  to  700,0008quare  miles 

700,000  to  800,000  square  miles 

800,000  to  900,000  square  miles 

900,000  to  1,000,000  square  milcfl.... 
1,000,000  to  1,100,000  square  miles  -.1 
1,100,000  to  1,200,000  square  miles  ..; 


Jan. 

Feb. 

Mar. 

Oct 

Nov. 
32 

Dec 
31 

Sums. 

13 

23 

30 

21 

150 

27 

26 

24 

13 

14 

30 

134 

25 

19 

13 

2 

12 

21 

92 

29 

24 

11 

1 

10 

16 

91 

16 

13 

12 

1 

8 

14 

64 

13 

10 

1 

5 

5 

34 

9 

6 

2 

1 

1 

19 

4 

5 
2 

1 
1 

3 

^  1 

13 

3 

1 

12 

1 

2 

2 

1  ' 

6 

1 

2 

1 

3 

2 

r 

3 

! 

~—~- -- 

1 

In  Table  IV,  the  sums  of  "  Extent  of  cold  waves^'  are  given  for  the  different  months. 
The  ratio  of  the  numbers  express  in  some  measure  the  relative  prevalence  of  great  tem- 
perature-falls in  the  different  months  for  the  whole  United  States.  Taking  October  the 
lowest  as  a  standard  of  comparison,  November  has  five  times  as  much  area  of  20®  fall  as 
October;  December,  eight  times  as  much;  January,  thirteen  times  as  much:  February, 
eleven  times  as  much,  and  March,  five  times  as  much. 
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Table IV.— SrMs  of  *'Extkn't  ok  Gold  waves'*  by  Months. 
[Unit  oold-wave  equals  a  20°  (all  of  temperature  over  an  area  of  50,000  square  miles.] 


Tear. 

Jan. 

Feb. 

Mar. 

Oct. 

Nov. 

43.2 
49.3 
42.0 
77.9 
48.9 
40.7 
86.8 
111.2 
21.1 
33.0 

Dec. 

1880 

120.9 
105.1 
115.3 
140.5 
167.3 
227.6 
137.9 
233.2 
115.2 
65.1 

121.3 
76.0 
93.7 
116.5 
166.4 
115.4 
110. 8 
146.6 
121.1 
101.5 

47.9 
21.5 
66.2 

131.1 
19.7 
58.1 
15.9 
79.3 

107.2 
13.8 

22.2 
19.0 

3.4 
13.0 
13.4 

3.8 
18.0 

7.0 
10.2 

0.0 

87.7 

1881 - 

51.1 

1882 _ 

79.1 

1883 - 

110.3 

1884 

76.7 

1885 

107.  7 

1886... 

111.7 

1887 - 

1888 

131.9 
32.4 

1889 - 

98.0 

Mffann .---.. . . ., 

142.8 

116.9 

56.1 

11.0 

55.4 

88.7 

. 

The  manner  of  selecting  the  cold  waves  given  in  Table  I  was  to  examine  all  the  a.m., 
temperatnre^change  charts  and  ascertain  sach  as  had  an  area  of  20^  fall  of  more  than 
50,000  square  miles.  The  weather  maps  of  the  day  before  were  then  looked  np,  in 
each  case,  and  a  sketch  of  its  isobar^and  isotherms  made  on  a  small  map  of  the  United 
States  about  4  by  2  inches  in  size.  Sketches  of  the  areas  of  temperature-fall  were  also 
made  on  similar  small  maps,  alongside  of  the  sketches  of  weather  maps. 

An  examination  shows  that  these  temperatare-fall  areas  are  invariably  aRsociated  with  a 
considerable  area  of  low  or  high  barometric  pressure  on  the  weather  map  of  the  day  preced- 
ing the  fall.  They  occur  to  the  west  of  the. area  of  low  pressure  and  to  the  east  and 
southeast  of  a  high  area.  The  exceptions  to  this  are  very  rare  and  where  they  do  occur 
are  unimportant  as  regards  the  extent  of  the  area  of  temperature-fall.  A  case  of  this 
kind  occurred  in  North  Carolina  on  February  15,  1889,  at  8  p.  m.  There  was  a  fall  of 
18^  at  Charlotte  and  Raleigh,  N.  C,  as  compared  with  the  temperature  twenty-four 
honrd  previous  which  was  54^.  There  was  an  area  of  low  pressure  900  miles  to  the 
west  of  the  temperature-faJL 

The  greatest  twenty-four-hour  iall  of  temperature  is  usually  at  the  center  of  low 
pressure  or  within  150  miles  of  it.  It  is  more  apt  to  be  south  or  west  of  the  center 
than  north  or  east  of  it. 

The  low  areas  as  a  rule  move  to  the  northeast,  east  or  north  from  some  position  in 
the  west.  The  temperamre-fall  areas  advance  easterly  or  southeasterly  on  successive 
days.  The  temperature-fall  area  follovrs  after  the  low  area.  At  tim^  it  goes  ahead  of 
the  low  center  towards  the  east  while  the  low  center  moves  north.  This  occurred  for 
example  on  December  26,  1889. 

The  cases  where  there  is  a  rise  of  temperature  in  twenty-four  hours  at  the  center  of 
an  area  of  low  pressure  are  rare.  All  the  weather  maps  for  ten  years,  from  October  to 
April,  1880  to  1889,  were  examined  for  cases  of  this  kind.  Twenty-three  sach  cases 
were  found,  which  are  given  in  Table  V  below. 
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Table  V. — Low-Fbessiiue  Akkas,  with  Increase  of  Temperatuee  in  Twenty- 
four  UOlJRi;  AT  THE  CENTER. 

[Date  given  ia  tliat  of  the  map  having  tbe  low  areA.] 


Date. 


Oct      8. 1881- . 
Nov.    2,1880. 
Nov.    5,1881.. 
Dca  12,  1880-. 
Dec.  29,  1880. . 

Feb.  10,  1880. 

Mar.  4,1881* 
Mar.  6,  1881.. 
Mar.  15,  1882.. 
Nov.    9,  1882. 

Mar.  30,1885- 


Jan.  12,  1884.. 


Feb.    2,  1884.. 

Feb.  4,1884-. 
Mar.  5,  1884.. 
Oct.     1,  1885._ 

Nov.    5, 1885.. 

Nov.  21,  1885.- 

Oct.  13,  1888-. 
Dec.  24,  1887.. 
Feb.    6,  1886-. 

Nov.  20,  1889.. 


Low 
pressure. 


29.6 
29.8 
29.6 
29.6 
29.7 

29.9 

29.4 
29.7 
29.9 
30.0 

29.8 


29.9 

30.0 

29.9 
29.8 
29.8 

29.6 

29.5 

29.7 
29.8 
29.9 

29.7 


Place. 


Tem- 
peiatare. 


Moorhead,  Minn.. 
Des  Moines,  Iowa. 
Milwaukee,  Wis.. 

Chicago,  1)1 

Marqnette,  Mich. 

{  Milwaukee,  Wis. 
Chicago,  111 

Chicago,  III 

Oswego,  N.  Y 

Davenport,  Iowa. 
do 


Chicago,  111 

Milwaokee,  Wis 

Davenport,  Iowa 

Grand  Haven,  Mich.. 

Chicago,  III- 

Milwaukee,  Wis 

Grand  Haven,  Mich... 

Davenport,  Iowa 

Escanaba,  Mich 

j  Little  Rock,  Ark 

\  Fort  Smith,  Ark_ 

Little  Rock,  Ark 

Fort  Smith,  Ark 

—.do 

/  St.  Louis,  Mo 

iCairo,  111 

Dodge  City,  Kans 

r  Parkersburgh,  W.  Va. 

\  Pittsburgh,  Pa 

t  Columbus,  Ohio 

{Alpena,  Mich 
Chicago,  111 

r  Marquette,  Mich 

•<  Escanaba,  Mich 

(Alpena,  Mich 

{Erie,  Pa.  _ 
Cleveland,  Ohio 
Buffalo,  N.  Y 


42 


36 
32 
-12 
21 
34 
20 
31 
32 
50 
39 
35 
36 
34 
22 
15 
21 
21 

4 
44 
44 
65 
37 
67 
55 
59 
44 
44 
44 
42 
20 

8 
14 
10 
12 
40 
40 
42 


Change  of 
temperature 
in   twenty- 
four  hours. 


Bise. 

Faa. 

11 

1 
5 

1 

8 

14 
6 
6 

mill 

10 

8 

6 

5 

»«■«»•  ^  ^ 

4 

7 

5 

15 

23 

27 

16 

14 

6 

11 

1 

5 

2 

7 

1 

3 

2 

2 

6 

6 

10 

12 

«  ^^ •   « • 

4 

10 

6 

G 

2 

*  March  3  to  4  the  center  of  this  area  of  low  moved  from  the  soatheaat  towards  the  northwest. 

In  thcRc  cases  the  temperature  at  the  center  of  the  low  pressure  is  low  for  the  time  of 
the  year  as  compared  with  the  mean  temperature.  The  extent  of  low  pressure  in 
these  cases  is  apt  to  be  small.  In  many  cas  es  it  is  really  not  a  genuine  area  of  low  press- 
ure, being  a  small  circle  surrounding  a  single  observation  of  pressure  which  is  bome- 
w hat  lower  than  those  at  places  round  about  it.  Not  more  than  twelve  of  these  low 
areas  given  in  Table  V  are  of  any  importance  in  extent. 

The  total  number  of  cold  waves  following  low  areas  in  ten  years  being  about  621, 
while  in  only  twelve  cases  during  the  same  time  were  there  any  low  areas  of  importance 
followed  by  a  rise  of  temperature,  it  is  concluded  that  in  98  percent,  of  the  cases  an  area 
ol  low  pressure  will  be  followed  by  a  considerable  fall  of  temperature. 

All  the  cold  waves  that  have  occurred  in  ten  years  maybe  broadly  classified  as  follows. 
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having  regard  to  the  character  of  the  isobars  of  the  map  on  the  day  preceding  the  tem- 
perature fall: 

(1)  Low-pressore  area  with  closed  isobars  and  high- pressure  area  accompanying  it. 
Cold  waves  may  be  of  any  extent  from  the  greatest  to  the  least. 

(2)  Low-pressare  areas  alone,  without  any  accompanying  high-pressure  area.  These 
are  not  usually  followed  by  important  cold  waves  unless  the  low  area  is  of  continental 
extent.  With  a  center,  of  29.3  inches  of  pressure  and  the  distance  across  the  30-inch 
isobar  at  its  widest  being  1,600  miles,  there  would  be  likely  to  follow  a  great  cold  wave, 
but  not  so  severe  as  if  there  was  a  high-pressure  area  accompanying  it. 

(3)  High-pressure  areas  with  very  little  low-pressure  area  accompanying  them  to  the 
east  or  southeast.  The  low  pressure  is  never  entirely  absent  in  the  case  of  extensive 
high  areas.  The  areas  of  temperature-fall  in  this  variety  of  cold  wave  are  very  long; 
from  south  to  north  or  southwest  to  northeast  the  length  is  firom  1,000  to  1,600  miles 
and  the  width  comparatively  narrow  in  the  direction  at  right  angles  to  this,  rarely  be- 
ing ad  much  as  300  miles  wide,  even  in  the  case  of  the  most  extensive  areas  of  high 
pressure. 

(4)  A  double  V-shaped  area  of  low  pressure,  one  low  area  in  the  region  of  the  Great 
Lakes  open  to  the  northeast,  the  other  area  in  the  vicinity  of  the  Gulf  of  Mexico  open 
to  the  southwest,  with  a  very  extensive  area  of  high  pressure  to  the  northwest  between 
the  two.    The  cold  waves  of  greatest  extent  have  occurred  with  this  type  of  map. 

(5)  A  double  low,  one  in  the  lake  r^on  and  the  other  on  the  Atlantic  Ocean,  and  a 
high  area  to  the  northwest.    This  is  always  followed  by  an  extensive  cold  wave. 

These  different  varieties  may  be  still  further  divided,  first  according  to  the  position  of 
the  high  pressure  with  respect  to  the  center  ol  low  pressure,  and  second  according  to  the 
shape  and  position  of  the  isobars  in  the  low  pressure. 

The  areas  of  ticmperature-fall  have  distinctive  features  depending  on  whether  the 
area  of  high  pressure  is  to  the  north,  northwest^  west,  or  southwest  of  the  center  of  low 
pressure. 

The  isobars  in  the  area  of  low  pressure  may  be  approximately  circular  and  inclosed; 
they  may  be  inclosed  and  elliptical  in  shape,  with  the  long  axis  lying  irom  southwest 
to  northeast,  which  is  the  most  common  case,  or  lying  from  east  to  west,  north  to 
south,  or  northwest  to  southeast,  the  latter  being  beinj;  very  unusual.  These  various 
shaped  isobars  may  be  open  to  any  point  of  the  compass.  When  the  low  is  in  the  vi- 
cinity of  the  coast,  the  open  appearance  of  isobars  towards  the  ocean  is  due  in  some  cases 
to  the  absence  of  observations. 

The  longer  axis  of  the  temperature-fall  area  is  generally  parallel  to  the  longer  axis 
of  the  area  of  low  pressure  on  the  map  twenty-four  hours  preceding  it  In  the  case  of 
open  isobars  to  the  southwest,  which  is  the  most  common  of  all  open  types,  the  long 
axis  of  temperature-fall  area  always  lies  from  southwest  to  northeast.  In  case  of  open 
isobars  toward  the  south  the  long  axis  of  temperature-fall  area  invariably  extends  from 
north  to  south. 

There  is  not  such  great  variety  in  the  shape  of  the  isobars  of  a  high  area  as  in  a  low. 
They  are  most  commonly  of  slight  curvature,  rarely  inclosed,  and  open  mostly  towards 
the  northwest  or  north.  In  some  cases  they  are  wedge-shaped,  pointing  south  or 
southwest,  and  always  in  such  cases  are  accompanied  by  high  winds  blowing  in  the  di- 
rection in  which  the  rounded  ends  of  isobars  ploint.  . 

The  isotherms  in  the  region  covered  by  the  areas  of  high  and  low  pressure  where  a 
cold  wave  is  about  to  occur  usually  extend  in  a  direction  f^m  southwest  to  northeast 
There  is  not  much  variety  in  the  position  of  the  isotherms  on  maps  preceding  cold 
waves.  In  some  cases  they  are  slightly  more  inclined  to  the  east  than  in  others.  To 
the  west  of  the  low  center,  for  some  distance,  the  isotherms  usually  run  parallel  to  the 
long  axis  of  the  area  of  low  preesurdi  At  the  center  of  low  pressure  the  higher  isotherms 
usually  turn  with  a  sharp  curvature  and  extend  towards  the  southeast;  the  medium- 
temperature  isotherms  bend  less  and  extend  towards  the  east;  the  lower  ones  continue 
towards  the  northeast. 

South  of  centers  of  high  pressure  the  isotherms  turn  to  the  northwest  From  the 
turns  made  by  these  lines  it  is  natural  to  supppose  they  are  carried  into  position  by 
the  high  and  low  areas  of  pressure,  from  what  may  bejcalled  a  normal  position  running 
a  little  north  of  east,  the  low  area  of  pressure  being  mainly  a  current  of  air  from  the 
south  and  the  high  area  a  current  from  the  north. 

The  density  or  closeness  of  the  isothermal  lines  varies  widely  on  the  maps  preceding 
cold  waves.  The  decrease  of  temperature  may  be  anywhere  Arom  20^  to  80^  in  a  north- 
westerly direction  in  a  distance  of  500  miles  from  the  center  of  a  low  pressure.  The 
area  marked  by  strongly  diminishing  temperature  towards  the  northwest  may  vary  a 
great  deal  in  width,  sometimes  not  being  more  than  200  miles  in  a  northwesterly  di- 
rection and  sometimes  being  as  great  as  1,600.  The  dimensions  of  the  area  from  south- 
west to  nortftei^st  also  vary  greatly.    TJsually  the  greatest  contrast  of  temperature  or 
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tentperainre  gradient,  as  it  will  be  called,  is  to  be  found  in  a  direction  from  the  oc>uier 
of  the  low  or  its  vicinity,  extending  towards  the  north  or  northwest.  To  the  nortbeast 
aod  Bonthwest  of  this  direction  of  heaviest  temperature  gradient  the  gradients  nsoally 
diminish.  In  some  cases  a  uniformly  heavy  temperature  gradient  towards  the  west  or 
northwest  will  extend  tor  1,000  miles  or  more  over  a  stretch  of  country  extending  in  a 
direction  from  southwest  to  northeast.  These  are  the  cases  invariably  iollowed  by  ex- 
tensive and  severe  cold  waves  when  highs  and  lows  accompany  them. 

The  map  of  December  31,  1884,  aod  temperature-change  chart  of  January  1,  1885, 
at  the  end  of  the  text  of  appendix,  is  a  good  specimen  of  a  high  and  low  area  of  pressure 
with  a  region  covered  by  stiongly  diminishing  temperature  to  the  southwest  and  fol- 
lowed by  an  extensive  and  severe  cold  wave. 

The  first  idea  that  oocnred  to  the  writer  with  regard  to  forecasting  the  occurrence  of 
cold  waves  was  to  iind  similar  weather  maps.  It  was  imagined  that  it  might  be  pos- 
Hibie  to  make  such  a  catalogue  of  all  the  weather-maps  on  the  day  preceding  the  occurence 
of  cold  waves  that  one  could  find  among  the  maps  of  past  years  some  one  identical  or 
nearly  so,  as  to  their  isobars  and  isotherms  with  maps  as  they  arise  for  consideration 
irom  day  to  day  in  the  forecasting  of  cold  waves.  In  such  cases  the  temperatuie-lalls 
that  would  take  place  might  be  considered  the  same  as  those  that  had  occurred  after  the 
similar  map  in  times  past.  Thus  the  forecasting  of  cold  waves  might  be  rendered  a 
very  simple  matter.  But  the  plan  did  not  prove  feasible.  Similar  or  nearly  similar 
maps  are  very  scarce.  A  list  of  the  maps  preceding  cold  waves,  which  were  found  to  be 
somewhat  nearly  alike,  is  given  below.    They  are  not,  however,  closely  similar. 


October  31,  1883. 
February  11.  1881. 
December  31,  1886. 
January  17,  1885. 
February  29,  1888. 
March  12,  1888. 
November  8,  1868. 
December  4,  18a5. 
November  26,  1887. 


Maps  with  similar  isobars  and  isotherms. 


November  17, 1887. 
November  12,  1886. 
February  3,  1886. 
January  21,  1883. 
January  4, 188a 
November  26,  1888. 
December  20, 1881. 
December  20,  1887. 
February  19, 1890. 


Only  one  opportunity  was  presented  in  the  coarse  of  two  years  in  which  this  princi- 
ple was  available  for  forecasting  oold  waves.  On  that  particular  occasion,  however,  the 
forecast  proved  highly  sucoessfnl.  The  weather-map  of  February  19,  1890,  was  recog- 
nized as  being  similar  to  the  map  of  November  26,  1887,  Accordingly,  the  outline  of 
the  20°  temperature-fall  area  of  November  27,  1887,  was  adopted  as  the  temperatuie-fall 
area  of  February  20,  1890. 

The  results  were  as  follows: 

COMPAKISOK  OK  THK  SiMILAK  COLD  WaVKS  OF  NOVEMBER  27,  1887,  AND  FEBRUARY 

20,  1890. 


Locality. 


November  26,  1887. 


Observed 
tempera- 
ture. 


Duluth 

St.  Paul 

Jja  Crosse 

Davenport .._ 

Keokuk ._ 

St.  Louis 

Cairo 

Memphis ^. 

Little  Bock.,.., ,,.,,, 


26 

20 
24 
34 
34 
44 
60 
64 
54 


Fall  of 
tempera- 
ture in 
24  hours. 


Temper- 
ature 
after  fall. 


February  19,  1890. 


Observed 
tempera- 
ture. 


—34 
—30 
—22 
—30 
—24 
—24 
—22 
—16 
—18 


—  8 

—10 

2 

4 

10 

20 

38 

48 

36 


12 
14 
20 
28 
32 
40 
42 
64 

a6 


FaU  of 
tempera- 
ture in 
24  houre. 


—24 
—24 
—20 
—20 
—24 
—22 
—16 
—24 
—28 


Temper- 
ature 
after  fall. 


—12 

—10 

0 

8 

8 

18 

40 
38 


REPORT   OF   THE   CHIEF   SIGNAL   OFFICER. 


95 


Comparison  of  the  Similab  Cold  Waves,  etc.— Continued. 


Locality. 


Shreveport^" 

Palestine 

SsiQ  Antonio 

Abilene -- 

Fort  Davis  — . 

ElPaso. 

FortSiU 

Fort  Elliott 

Fort  Smith 

Lamar    

Kansas  City 

Concordia 

Dodge  City 

Pneblo 

Denver 

Des  Moines 

North  Platte.-- 

Omaha  -  -  _ 

Yankton.- 

Valentine 

Huion 

Fort  Sully 

Mooiiiead 

Bismarck 


November  26,  1887. 


Febmary  19,  1890. 


Observed /^^^^^ 

temper- 1  ^^'"P*!" 
ature  a*«rem 
*'"^-    24  hours. 


Temper-  Observed 


ature 
afterfall. 


temper-' 
ature. 


Fall  of 
temper- 
ature in 
24honiB. 


TempciT- ' 

ature 
after  Ml. 


64 
64 
58 
50 
54 
48 
42 
38 
50 
42 
34 
32 
30 
26 

8 
30 

4 
30 
16 

2  . 

4 

2 

2 

8 


—24 
—36 
—20 
—34 
—26 
—18 
—32 
—42 
—30 
—36 
—38 
—42 
—40 
—40 
—18 
—36 
—28 
—40 
—31 
—28 
—30 
—22 
—18 
—14 


*  Fall  of  temperature  on  2l8t  was  ze'^. 

On  fnrther  investigation  itseems  that  identical  weather-maps  need  not  necesssirily  be  fol- 
lowed by  similar  falls  in  temperature.  The  quite  similar  maps  of  December  4, 1885,  and 
December  20, 1887.  type  Xlilll,  except  as  to  the  slight  difference  in  ponition  of  the  centerH 
of  low  pressure  and  openness  of  the  isobars  of  low  was  followed  in  the  first  case  by  a  cold 
wave  of  the  extent  of  24.1,  while  in  the  other  the  extent  of  cold  wave  was  only  9.2. 

It  need  not  necessarily  be  the  case  that  two  similar  maps  will  be  followed  by  like  Tails 
of  temperature.  With  exactly  similar  temperatures  at  the  ground  on  two  different  days, 
the  diminution  of  temperature  upward  in  the  air  may  be  very  different  on  the  two  oc- 
casions. This  is  the  only  satisfactory  explanation  of  the  dissimilarities  in  temperature- 
fall  following  similar  conditions  on  the  weather  maps.  The  Signal  Service  weather-maps 
have  nothing  that  shows  the  temperature  of  the  air  in  the  higher  regions. 

The  low  areas  of  pressure  mostly  originate  in  the  southwest  and  move  toward  the 
northeast.  At  times  they  form  in  the  west  or  northwest  and  after  moving  southeast 
then  turn  and  move  northeast.  If  two  similar  maps  could  be  found,  the  one  occarring 
after  a  low  area  has  advanced  to  the  southeast  and  one  on  some  other  occasion  after  the 
low  has  moved  from  the  southwest  towards  the  northeast  and  reached  the  same  position 
as  in  the  first  case,  it  is  conceivable  that  the  upward  diminution  of  temperature  in  the 
air  might  be  very  different  in  the  two  cases,  and  consequently  the  falls  of  temperature 
following  them  be  very  different. 

As  it  was  considered  that  a  classification  of  weather-maps  preceding  cold  waves  made 
with  a  view  to  discovering  similar  ones,  might  prove  useful  in  the  practical  work  of  fore- 
casting cold-waves,  this  was  done. 

Table  VI  gives  the  results  of  the  classification  of  all  the  weather  maps  preceding  cold 
waves  that  have  occurred  in  ten  years.  The  table  is  precede^  by  a  description  of  the 
various  types  of  maps  intended  to  be  of  service  in  discovering  maps  similar  to  those 
that  may  arise  from  day  to  day  in  the  practical  work  of  forecasting.  A  specimen  of 
eacb  t^pe  is  given.    The  red  lines  are  the  isobars,  the  dotted  blue  lines  the  isotberina. 
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The  temperatare-fall  areas  (not  reprodaoed)  are  shown  by  green  lines  .  A  short  de- 
aoiption  of  the  type  of  weather  map  preceding  cold  waves  is  given.  The  latitude  and 
loogitade  of  the  center  of  low  pressure  is  given,  the  lowest  and  highest  pressure  and 
tiieir  distance  apart,  in  miles,  the  direction  of  high  pressare  from  low  center,  the  highest 
and  lowest  isotherm  and  their  least  distance  apart.  The  classification  is  made  to  de- 
pend principally  on  the  geographical  position  of  the  center  of  the  area  of  low  pressure. 
No  definite  district  boundaries  have  been  adopted.  The  type  is  described  roughly  by 
the  place  its  center  happens  to  be  in,  as,  for  instance,  Arizona,  INsxas,  New  Enu)aiid« 
etc.  The  districts  are  tsdien  with  an  area  ot  about  250, 000  square  miles.  The  M  issouri 
type  includes  not  only  those  with  centers  in  the  State  of  Missouri,  but  also  those  in 
parts  round  about  it  for  some  distance.  The  type  is  also  described  with  reference  to  the 
relative  positions  of  the  high  and  low  centers,  and  with  relerence  to  the  shape  of  the 
area  of  low  pressure,  and  the  openness  of  its  isobars,  etc  The  object  of  the  classifica- 
tioB  is  not  only  to  discover  among  back  maps  ones  similar  to  such  as  may  arise  in  the 
fDtnre,  bnt  also  to  ascertain  what  characteristic  leatnres  they  may  have,  if  any,  which 
may  be  of  service  in  indicating  the  shape,  position,  or  extent  of  the  subsequently  occur- 
ring area  of  temperature  fall.  These  weather  maps  with  their  temperatnre-lall  areas 
have  been  arranged  all  of  the  same  type  together. 

Taele  VL — Descbiptiox  of  Typbs  of  Map  Accobding  to  Isobabs  ok  Days  Pbe- 
CEDINO  Cold  Waves,  Octobeb  to  Mabch,  1680  to  1889,  Inclusive. 

[l.—Arizatuk  low ;  high  to  north  or  northeast.    Type  Jannanr  14, 1888.    Number  of  oMee  6.] 


D»te. 


Ix>w 
press- 
ure. 


Oct  7, 1887. 
Jan.  14, 1888. 
Mar.  1,1888. 
Mar.  25, 1888. 
Jan.  19,1889. 
Feb.  15, 1889. 


In. 
29.3 
29.8 
29.7 
29.5 
29.9 
29.5. 


Lati- 

Longi- 

High 

Position 

tude. 

tude. 

press- 
ure. 

from  low. 

o 

o 

In, 

* 

!      85 

110 

30.1 

NW. 

35 

107 

30.9 

N. 

34 

106 

30.6 

NE. 

39 

107 

30.5 

NE. 

36 

105 

30.5 

NW. 

33 

105 

30.4 

N. 

Distance, 

high  to 

low. 


MUes.  > 
1,000  I 
1,100  I 

700 ; 

700  I 

600 

900 


Temperatures. 


30  to  70  N. 


—40 
—10 
—10 
—10 
0 


70  N. 
50  N. 
50  NE. 
60  N. 
60  N. 


I    Dis- 
I  tanoe. 


MilcK 
700 

1,200 
600 
800 

1,600 

1,100 


[IL— Utah  low;  isobars  oireular.    Type  November  25, 1887.    Number  of  cases  3.] 


Nov. 

25, 

1887._ 

20.6 

1 
40  1 

112 

1 
30.3 

N. 

700 

0  to  30  NE. 

300 

Nov. 

21, 

188G_. 

29.4 

42 

112 

30.0  1 

N. 

500 

0 

30  NE. 

200 

Dee. 

tiH, 

1S89._ 

29.4  . 

39; 

104 

30.3 

NW. 

800 

20 

SON.       , 

700 

[III.— Idaho  low ;  coraet-shaped  (see  also  Type  LXV,  January  2L,  1886).    Type  December  26,  18S7. 

Number  of  cases  5.] 


Dec.  25, 1883_- 
Dec.  22, 18S6-. 
Jan.  24, 1887_. 
Dec  26,  1887.  _ 
Mar.    8,1888-. 


29.5 
29.8 
29.6 
29.4 
29.6 

51 
46 
44 

"'41' 

111 
114 
106 

"112' 

30.3 

SW. 

600 

30.1 
30.2 

NE. 

600 

—20  to  30 
—10      30  E. 
—20      30  NE. 
—20      20  N. 
0      40  NE. 


700 
500 
400 
400 


IV.— Colorado  low;  comet-shaped;   northwest  to  southeast;  flat  and  narrow;  long  west  to  east ; 
high  to  north  and  northeast;  Important  type.    Type  February  10, 1887.    Number  of  cases  5.  J 


Dec.  21,  1884. 
Dec  23,  1884. 
Feb.  10,  1887. 
.Ian.  4,  1888. 
Feb.  13,  1HH8. 


29.6 

42 

104 

30.2 

NE. 

500 

29.9 

30.4 

NE. 

300 

29.6 

. 



30.4 

NE. 

500 

29.  5 

,       40 

108 

30.  r> 

N. 

400 

29.  6 

1       ''' 

103 

30.0 

N. 

400 

-30  to  60  N. 
-40      40  NE. 
-30      50  N. 
40      40  N. 
-10      40  N. 


1.400 
600 
800 
500 
500 


January  4, 1866,  and  February  13,  1888,  are  alike. 
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Table  VI. — DEscBrpxioN  of  Types  op  Map  Accoedino  to  Isobabs  on  Days  Pbb- 

CBDiNQ  Cold  Waves,  etc.— Continued. 

[v.— Colorado  low ;  triangular  flat  top.  peak  pointing  south ^  high  to  the  north.    Type  March  9, 

18138.    Number  of  cases,  6.J 


Date. 


Dec  20, 
Nov.  22, 
Jan.  31, 
Feb.  2, 
Mar.  9, 
Mar.  14, 


1884. 
1886. 
1887. 
1887. 
1888. 
1889. 


Low 
press- 
ure. 

Lati- 
tude. 

Longi- 
tude. 

o 

High 
press- 
ure. 

Position 
from  low. 

1 

Distance, 

high  to 

low. 

In, 

o 

In, 

Miles. 

29.8 



30.1 

N. 

300 

29.4 

43 

105 

30.2 

N. 

400 

29.6 

37 

102 

30.5 

N. 

700 

29.6 

38 

108 

30.7 

N. 

300 

29.6 

37 

101  ;  30.  4  i 

N, 

700 

29.5 

41 

103 

30.4 

NE. 

900 

•30  to  40  N. 
0      60  N. 


-30 

-40 

20 

0 


SON. 
30  N. 
40  N. 
50  N. 


Dis- 
tance. 


Miles. 
900 
500 

1,200 
400 
600 
500 


[VI.— Ck>lorado  low;   long,  narrow,  northeast  to  southwest;  high  to  the  east.    Type  October  19, 

1886.    Number  of  cases,  7.  j 


Feb.  18, 
Mar.  26, 
Dec  6, 
Oct.  19, 
Nov.  1, 
Oct.  22, 
Jan.  12, 


1882.. 

29.9 
29.6 
29.7 
29.5 
29.7 
29.7 
29.5 

■ 

1882— 

37 
39 
40 
37 
40 
38 

100 
102 

102 
104 
106 
103 

30.2 
30.4 
30.1 
30.2 
30.2 
30.3 

1883- . 
1886.. 
1886.. 
1887.. 
1888— 

NVV. 
NW. 
NW. 
NW. 

1,000 
900 
700 

700 

1 

1 

0  to  60  N. 
20      50  N. 


30 

30 

20 

-30 


60  NW. 
50  NW. 
40  NE. 
30  N. 


800 
400 


GOO 

400 

5110 

l.OUU 


[VII.— Colorado  low;  big,  triangular  in  shape;  high  northeast  and  east.    Type  March  24,  1888. 

Number  of  cases,  2.] 


Dec    3, 1887— 
Mar.  24, 1888- - 


29.7 
29.6 


39 
38 


101 
105 


30.3 
30.6 


NE. 

NE. 


700 


OtoGONW.      1,200 
-10      40  N.       ,      500 


[VIII.— Texas  low;  high  to  north,  like  VJI.,  only  farther  south.    Type  November  26, 1887.    Num- 
ber of  0Me8,2.] 


Nov.  26, 1887.^ 
Dec  27, 1887- 


29.8 
29.6 

33 
33 

102 
101 

30.9 
30.4 

N. 
N. 

1,000 
1,000 

— 30  to  60  N. 
—20     30  NW, 


1,100 
400 


[IX. — ^Texas  low;  triangular  shaped ;  pointed  northeast,  high  northwest.    Type  November  11, 1889 

Number  of  cases,  5.] 


Nov.    4,1880- 

29.5 

36 

J  01 

30.3 

N. 

700 

30  to  60  NW. 

700 

Feb.  17,1881-- 

29.8 

30 

102 

30.3 

N. 

900 

—20      60  N. 

1,200 

,Tan.  22, 18S7.. 

20.  5 

35 

99 

30.2 

N. 

1,000 

—30      60  N. 

900 

Mar.  19, 1888. . 

29.2 

34 

101 

30.3 

NW. 

1,000 

10     50  NW. 

600 

Nov.  11, 1889.- 

29.6 

35 

98 

30.4 

N. 

900 

0     50  N. 

700 

ATn.  Oil 

'7 

'J>i 
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Table  VI, — Dbscbiftiox  op  Types  of  Map  According  to  Isobabs  os  Days  Pbe- 

CEDIN6  Cold  Waves,  Era — CoDtinoed. 

m 

X.— TexAS  low  towards  northesat,  long  and  narrow;  rounded  point  northeast.    Type  February* 

12,1884.    Number  of  caaes.  101. 


Date 


I  .  I  I 

n^     Lati-  .Longi-'  ^J^    Poaition    ^fif"^' 
P"»^     tude.  ,   tudl  ,  P!^  from  low.     ^^^  ^ 


ure. 


ure. 


I 


low. 


Temperatures. 


,  Jn, 

o 

Jn. 

Miles. 

o 

o 

Miles. 

Sow.   9,  1880- . 

'  29.7 

32 

'  100  :  30. 0 

NW. 

700 

30  to  70  NW. 

800 

Not.  16,  1882. . 

,  30.1  ' 

40 

'   92  ;  30.5 

NW. 

700 

20 

40  NW. 

5(KI 

Feb.  .3,  1883.. 

29.9  . 

I  30.8 

NW. 

600 

—40 

60  NW. 

1,200 

Dm.  30,  1883.  _ 

29.9  • 

26 

97 

30.5 

N. 

600 

20 

50  NW. 

imi 

Feb.  12,1884.. 

29.9  1 

33 

95 

30.6 

N. 

800 

—20 

60  N. 

900 

Not.  22,  1884.. 

29.7  ! 

35 

96 

30.4 

NW. 

600 

0 

40  N. 

500 

Dec.  17,  1884. 

30.1  . 
29.8 

30.4 

NW. 
N. 

400 
1,600 

—30 
—10 

60  N. 
60  N. 

1,400 

Mar.28,  1885.. 

27 

97 

30.4 

1,300 

Jao.  2.  1886.. 

29.7 

28 

97  i  30.3 

V 

1,000 

0 

60  NW. 

1,000 

Feb.  23,  1887.. 

1 

29.9 

35 

93  !  30. 4 

N. 

600 

1 

—20 

60  NW. 

1,000 

Dia. 


"Xr.— Tf  xas  tow;  rounded  point  towards*  northeast :  same  as  X  only  low  farther  west;  isobars  more 
crowded  and  nearer  coast.    Type  November  1(5,  lt$86.    Number  of  ca!»es,  4.] 


Feb.  20,  1882. 
Nov.  11,1886- 
Nov.  16, 1><86. 
Nov.  23, 1887. 


29.8 

34 

95 

30.3 

30.0 

32 

96 

30.4  ! 

29.8 

34 

100 

30.6 

30.1 

33 

95 

30.5 

N. 
N. 
N. 
N. 


800 
400 
400 
400 


—30  to  60  NW. 

900 

20   70  NW. 

600 

20   60  NW. 

700 

0   50  NW. 

700 

[XII.— Texas  low;  high  to  north ;  same  as  VIIT  only  the  low  is  more  extensive.   Type  October  8, 1887. 

Number  of  cases,  3.] 


Jan.  16,  1881- 
.Tan.  18,  1883.. 
Oct  8,  1887.. 

29.8 
29.9 
29.6 

33 
36 
33 

97 
103 
102 

30.1 
30.6 
30. 1 

N. 
N. 
N. 

600 
700 
500 

—10  to  50  N. 
—30   30  NW. 
40   70  NW. 

1,000 

1,000 

500 

[XIIL— Texas  and  towards  west  low;  sameasXII.except  that  low  is  more  extensive.    Type  March 

29. 1886.    Number  of  cases,  5.] 


Jan.  15, 1885.. 
Mar.  21, 1885.. 
Mar.  29, 1886.. 
Jan.  15,  1886.. 
Mar.  27, 1886.. 


30.0 
29.8 
29.9 

30.7 
30.5 
30.2 
30.5 
30.7 

29 

95 

29.9 

N. 
N. 
N. 
N. 
N. 


-20  to  50  N. 
-20      50  N. 

0      70  NW. 
-10      50 
-10      50  N. 


1,300 

1,200 

900 

i,'306 


[XIV. — ^Texas  low ;  flat  east  to  west  on  coast;  lii^h  to  the  north.    Type  January  9, 1881.    Nuniberof 

cas«8,9.] 


Mar. 
Nov. 
Jan. 
Feb. 
Dec. 
.Tan. 
Feb. 
Dec 
Jan. 


13,1880. 
17, 1880. 

9,  1881. 
27,  1884. 
12, 1885. 

7,  1886. 

2,  1886. 
31,  1886. 
26,  1889. 


30.1 

30.6 
30.7 

30.1 

28 

94 

29.9 



30.6 

29.8 

28 

97 

30.7 

30.0 

27 

97 

30.7 

29.8 

28 

97 

30.8 

29.8 

27 

97 

30.8 

29.8 

..._i. 

30.8 

29.9 

30 

92 

30:6 

1 

tooONW. 
50  NW. 
40  N. 
60  N. 
60  N, 
50  N. 
60  N. 
60  NW. 
50  N. 


1,200 

900 

1,400 

1,400 

600 

1,300 

1,500 

1,600 

800 
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Tabls  VI. — DsscBiPxioN  OF  Types  of  Map  Accobdino  to  Isobabs  ok  Days  Pbe- 

CEDiKO  Cold  Waves,  etc. — Continued. 

(XV,— Taxaa  low ;  very  eztenaive,  reaohine  lakeii;  hii;h  northwest,     ^ype  December  19,  1887. 

Number  of  cases,  ft.  ] 


Date. 

Low 

press* 

ure. 

Lati- 
tude. 

Longi- 
tade. 

High 
press- 
ure. 

Position 
from  low. 

Distance, 

hiffhto 

low. 

Temperatures. 

Dis- 
tance. 

Mar.  7, 1880 .- 
Jan,  19,1883.. 
Dec.  30.  1884- 
Dec.  29. 1885.- 

In, 
29.9 
29.9 
30.0 
29.8 
29.9 
29^7 

o 

33 
27 

"37" 
34 
34 

0 

97 
97 

102* 

101 

102 

In. 
30.8 
30.8 
30.8 
30.3 
30.2 
30.8 

N. 

N. 
NW. 

Miles, 
1,200 
1,500 

0               0 

—10  to  70  N. 
—30      20  NW. 
—40      60  NW. 

Mifru, 
1,  200 

i.ioo 

Dw.  23,  1886.- 
Dec.  19, 1887- 

NW. 
NW. 

300 
1,000 

20      60  NW. 
—20      30  NW. 

500 
500 

[XVI.— Double  low ;  Texas  or  vicinity  to  lake  region ;  also  Utah  to  lake  region ;  northeast  to 

southwest.    Ty  pe  January  16, 1882.    Number  of  oases,  IS.  ] 


Mar.  11. 1880. - 
Not.  18, 1881- - 

Jan.  16, 1862 1 

Mar.  12, 1882.- 

Jan.  23,1884/ 

Feb.  6,  1884 1 
Oct  20,1884.. 
Dec.  24,  1884| 

Feb.    8,1886/ 

Jan.    7,  1888 1 

Feb.  14,  1888 1 

Feb.  17,  1889 1 
Feb.  22, 1889- 


30.0 
29.9 
29.6 
29.9 


I 

} 


29.9 
29.9 
29.8 

29.8 


30.1 
29.8 
29.8 
29.8 
29.8 
29.9 
30.0 
30.0 
29.6 
29.8 
30.0 


44 
33 


88 
99 


}.... 
}.... 


} 

} 
} 
} 


43 


--"%-' 


83 


/ 


30.4 
30.6 

30.5 

30.2 

30.8 

30.5 

30.4 

30.8 

30.3 
30.3 

30.6 

30.9 

30.3 
31.1 


I 

1 

1              1 

! ! 

NW. 

800 

NW. 

900 

NW. 

N. 

1,000 
1,100 

W. 

1,300 

N. 

800 

-10  to  30  NW. 
-10      70  NW. 

-20      60  N. 

10      SON. 

-30      30  NW. 


-30 


60  NW. 
30      60  N  W. 
—40      60  NW. 

[—40      60  N. 


-20 
0 


60  NW. 
70  NW. 


—30      30  NW. 

—20      60  NW. 
—88      30  N  W. 


500 
1,200 

1,000 

700 

800 

i 

j  1.200 

400 

1,300 

1,300 

1,200 
600 

1,100 

1,200 
800 


pCVIL— Double  low ;  Texas  to  lakes  orQeorgia  to  lakes;  north  to  south;  something  like  XVI. 

Type  February  16, 1883.    Number  of  cases,  18.] 


Nov.  6, 1880 1 
Dec.  6,1880- 
Nov.  8,1881- 

Nov.  23, 1881- 

Dec.  14,1881-. 
Feb.  8,1882.. 

Nov.  12, 1882 1 
Jan.  20, 1883 1 


Feb.  16,  1883 


Dec.  13, 1883 1 


29.8 
29.9 
29.2 

29.8 

29.9 

29.7 
29.8 
29.8 
30.0 
30.0 
30.1 
29.6 
29.8 
29.6 
30.1 


} 


45 


47 


}- 


85 


72 


30.3 

N. 

800 

—30  to  60  NW. 

900 

30.1 

8W. 

300 

0 

60  NW. 

500 

30.2 

/NW. 
\SW. 

700 
400 

1   30 

70  NW. 

700 

31.0 

fW. 

INW. 

1,000 
1,600 

}u 

60  NW. 

1,100 

30.5 

sw. 

1,100 

10 

60  NW. 

1,100 

30.4 

w. 

800 

0 

50  NW. 

GOO 

30.3 

rsw. 

\NW. 

500 
500 

}  ° 

70  NW. 

900 

30.3 

"■*^^  ^■■••^ 

—40 
0 

40  NW. 
60  NW. 

1.  000 

30.5 

w. 

500 

300 

30.6 

w. 

-_- 

100 
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Table  VI.— -Description  of  Types  of  Map  AccoRniya  to  Isobars  on  Days  Prk- 

CBDiNo  Cold  Wavics,  etc. — Continued. 

[XVII.— Double  low;  Texas  to  lakes  or  GeorKia  to  lakes;  north  to  south;  something  like  XVI. 

Type  February  16,  1883.     Number  of  oases,  18 — Continued.] 


Date. 


Lati- 
tude. 


Lonf^i- 
tude. 


Jan.  11. 
Feb.    5, 

Nov.  27, 

Dec.  11, 

Dec    8, 

Jan.  22, 
Jan.  1, 
Feb.    4, 

Mar.  11, 

Dec.  25, 


1884   . 
1884 

1884  I 
1881 -[ 

1885  I  i 

1886^ 

1888.. 
1888  <-i 

1888  ! 

1888.. 


44 


85 


Low 
press- 
ure. 

In. 
I  29.  8 
29.6 
29.8 
29.9 
29.8 
29.7 
29.9 
29.5 
29.9 
29.9 
29.  2 
29.7 
29.8 
29.  7 
29.9    .— 


HiRh 

press- 
ure. 


In. 
30.6  ' 
30.  2  . 
:K).4  I 
30.4 


Position  I  ^Jfi?".^' 
froinlow.l   »»i;J^»o 


Temperatures. 


Mikit, 


;} 

} 


27 


96     30.4 


SW. 
NVV. 
W. 
NW. 

N. 


:«).  4       NW. 


46 


89 


29.9    .— . 


r 


30.6  i 

30.1  I 

30.4 

30.7 
30.  7 
30.4 
30-  4 


W. 
SW. 

W. 
SW. 

w. 

NW. 

N. 


o 

20 
700        '  0 

!     1.000  '/    ^^ 
1, 200         ^0 

1,600      —20 

600     —30 

600      —30 

0 


} 


800 

1,000 
1,100 


—20 
0 


} 


60 

60  NW. 

60  N. 
70  N. 
60  N. 

30  XW. 

50  NW. 
30  N. 

60  NW. 

60  N. 


Dis- 
tanoe. 


Miien, 

"eoo 

J  1,200 

'  1,100 

1,000 

500 

1,000 

400 

1,500 

1,100 


[XVIII.— Manitoba  low;  very  wide  east  and  west;  hifph  to  south.     Type  January  17,1884.    Xuoi' 

ber  of  cases,  23.  ] 


1 

Jan.  3  1880— 

29.4 
29.7 
29.6 
29.6 
29.7 
29.6 
29.8 
29.5 
29.8 
29.2 
29.4 

29.6 

29.3 
29.8 
29.7 
29.3 
29.7 
29.6 
29.7 
29.  5 
29.6 
29.7 
29.9 

50 

97 

.fan  18  1880 

10  to  50  NW. 
20   40  NF. 

1, 100 

Jan.  25  1880— 

Dec  13.  1880.- 

47 

99 

Jan.  20, 1882.> 

30.2 

SW. 

10 
10 

30  N. 
40  NW. 

500 

Jan.  25.  1882  - 

♦ 

400 

Feb.  15. 1882 

1 

Jan.  9.  1883  . 

30.6 

NW. 

800 

—10 

40  £. 

400 

Feb.  6.  1883., 

Mar.  17, 1883.. 
Oct.  29.  1883- - 

30.2 

j:w.4 

^30.5 

:^o.3 

30.4 
:i0.2 
30.2 
30.2 
30.4 

SW. 
SW. 
SE. 

s. 
s. 

SW. 

606/ 

900^ 
1,300 
500 
800 

40 

70  NW. 

500 

Jan.  17,1884.. 

Jan.  8.  1H85._ 

Mar.  23..18B5  . 

Dec  22.  1H85.. 

48 

97 

Jan.  11,  1887  . 

Jan.  15.  1W87-. 
Mar.  1,  1887... 

_ 

..--- 

"  i,'3o6 

-10 

50. 

Mar.  23,  1887  __ 

Nov.  18. 1887.. 

51 

99 

30.5 
30.2 
30.2 
30.2 

SW. 

s. 

SW. 

700 

Nov.  21,1887.- 

Dec  8,  1887- 

48 

105 

700 

Mar.  12, 1889- 

• 
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Tablk  VI. — Dkscbiption  of  Typi-><  of  Mai*  Acoobdinc;  to  Isoijails  on  Days  Pkk- 

GBDiNQ  Cold  Waves,  etc.— Cootinued. 

[XIX.— Manitoba  low;.lonir  north  and  soutli,  open  north.    Type  November  25, 1883.    Number  of 

oases,  18w] 


Date. 

Low 
press- 
ure. 

Lati- 
tude. 

o 

Longi- 
tude. 

High 
press- 
ure. 

Position 
from  low* 

Distance, 

high  to 

low. 

Temperatures. 

Dis- 
tance.* 

Jan.    5.  1880.- 

In, 
29.7 
29.7 
29.3 
29.9 
29.7 
29.7 
29.6 
29.7 
29.5 
2).  6 
29.8 
29.6 
29.3 
29.8 
29.8 
29.8 
29.9 
29.4 

o 

In. 

MUes. 

o                 o 

Miles. 

Feb.  16,  1880— 

—20  to  50  NW. 

400 

Dec    1,  1880- - 

50 

97 

Jan.  29,  1881  — 

—10      30 

Feb.  26,  1881  — 

10      30  NE. 
30      60 

300 

Feb.  12.  1882- 

47 
44 
49 
50 
50 
49 
50 
51 

""'is' 

51 
49 
47 

94 
,100 
107 
96 
97 
93 
92 
96 

""96" 
100 
95 
97 

Mar.  17,  1882— 

Dec  11.  1882— 

1 

0      50  NE. 
—20      60  NW. 
0      408. 

Nov.  25,  1883.- 
Feb.:i4,  1886- 
Mar.   7.  1886 

30.0 
30.3 
30.3 
30.3 
30.2 
30.1 
30.6 
30.6 
30.3 
30.2 

W. 
W. 

sw. 

w. 

sw. 

NW. 

W. 

E. 

W. 

W. 

400 
1,000 
1,300 
1,300 

1,000 
400 

Dec  20.  1886— 

Mar.   6,  1887- . 

*T   »^vrv 

:--r 

Dec  25,  1887— 

400 

1,100 

300 

500 

1 

1 

Feb.  24,  1888- 
Mar.l4,  1888.  . 
Dec    2,  1888- 
Mar.l8,  1888.. 

10      30  N. 
0      30  NE. 
10      40  NE. 
10      40  E. 

300 
600 
300 
GOO 

[XX.~I>akota  low;  northeast  and  southwest    Type  February  1 1, 1880.    Number  of  oases,  12.] 


Feb.  11, 
Mar.  8, 
Oct.  14, 
Jan.  5, 
Jan.  12, 
Feb.  26, 
Nov.  16, 
Oct.  16, 
Oct.  30. 
Nov.  10, 
Dec  23, 


1880. 

1880. 

1880. 

1881. 

1881. 

1881. 

1881. 

1882. 

1882. 

1882 

1888. 


29.3 

48 

97 

29.5 

43 

94 

29.2 

47 

92 

29.6 

42 

95 

29.7 

43 

94 

29.5 

43 

94 

30.0 

43 

102 

29.6 

45 

99 

29.5 

43 

93 

29.8 

45 

94 

29.9 

47 

104 

20  to  GO  N. 

1,000 

0 

50  NW. 

400 

40 

60  NW. 

500 

10 

20. 

10 

30  N. 

600 

20 

60  N. 

800 

10 

50  N. 

700 

30 

60  NW. 

4(H) 

:{0 

60  NW. 

400 

10 

60  NW. 

1,000 

•10 

20  NW. 

[XXL— Dakota  or  Minnesota  low;  long  north  to  south ;  incloeed.    Type  January  12, 1883.    Num- 
ber of  cases.  17.1 


Jan.  26, 
Mar.  6, 
Dec  12, 
Feb.  6, 
Dec  12, 
.Tan.  12, 
Oct  8, 
Dec  17, 
Nov.  11, 


1880. 
1880. 
1881. 
1882. 
1882. 
1883. 
1883. 
1883. 
18a5. 


Nov.  30, 1886. 
Mar.  8,1887. 
Mar.  12, 1887. 
Feb.  6,  1888. 
Jan.  30, 1889. 
Dec.  8,1889. 
Dec  18. 1889. 
Dec  24, 1889. 


29.4 
29.8 
29.9 
29.8 
29.2 
29.5 
29.6 
29.4 
29.6 


48 


93 


I 


40 


45 
45 
45 
48 
46 
43  ' 
and  50 


29.7 
29.8 
29.8 
29.8 
29.8 
29.  1 
29.6 
29.8 


98 
95 
98 
95 
99 
96 
close; 


30.2 


30.0 


E. 


44 

101 

47 

96' 

44 

99 

48 

92 

47 

92 

48 

96 

45 

93 

30.1 

30.3 

30.3 

30.3 

30:3 

30  and 

30.2  i 

30.3 

30.2 

30.2 

30.4 

30.0 

30.1 

30.4 


W. 

W. 

W. 

NW. 

60  far  off. 

i    SW.     I 

.. ...... 

w. 
w. 

NW. 

W. 

NW. 


1,0<K) 

1,200 

900 

1,000 

300 

"soo 

700 
600 
600 
800 
600 


0  to  40  NW. 

20  60  N. 

10  60  NW. 

20  40. 

0  50  NW. 

-20  20  NE. 

40  70  NW. 

-10  40  NE. 

30  50  NW. 


500 
600 
600 


0 
10 


50  NE. 
40. 


-30 

10 

0 

10 

-10 


30  N. 
30. 

40  NW. 
40  NW. 
50  NW. 


1.000 


liOO 
700 


700 


600 


800 
700 
700 
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T.viiMi  VI. — I3ks<!rii»tion'  <»k  Tyi'is-sok  Mai*  Ar<oBDiN({  iv  Isoiukson  Days  Tuk- 

OKi>iN(i  0)j.u  Waves,  eti-c.— Continued. 

[XXII.— Minu&*9ota  low;   incloHed;  something:  like  XXI.     Type  February  4,  1889.    Number  of 

c«MeB,8.1 


Date. 

Low 

prem- 

ure. 

Lati- 
tude. 

Longi- 
tude. 

High 
press- 
ure. 

Position 
from  low. 

Distance, 

high  to 

low. 

Temperatures. 

Dift- 
tAtice. 

Jan.  30,1883.- 
Nov.    5,1883-. 
Mar.  11, 1884- 
Mar.l4, 1885_. 

In. 
29.5 
29.6 
29.1 
29. 5 
29.6 
29.6 
29.2 
29.3 

o 

45 
47 
44 
46 
47 
46 
45 
45 

0 

92 
90 
92 
92 
92 
92 
94 
95 

In. 
30.3 
30.2 
30.0 
30.4 
30.4 
30. 5 
30.4 
30.1 

NW. 
VV. 

NW. 

W. 
NW. 

W. 

W. 
NW. 

Miles. 
500 
500 

1,000 
700 

1,100 

0                   o 

10  to  40  N. 
20      60  NW. 
—20      60  NW. 

Jftto. 
400 
600 

1,200 

Feb.  18,  1886. „ 
Dec.  23,1887.- 

0      40  N. 

600 

• 

Feb.    4,1889- 
Jon.  16,1889-- 

700 
700 

—10      40  N. 
0      50  NW. 

300 
700 

LXXIII.— Double  low ;  Dakota  and  Michigan.    Type  March  20,  I8S8.    Number  of  cases,  2.] 


Mar.   9,1887- 
Mar.  20, 1888 1 


NW. 

10  to  40  NW. 

400 

W. 

1,100 

0      50  NW.  ' 

1 

900 

[XXIV.— Wyoming  and  Dakota;  low  extensive.    Type  February  15, 1883.    Number  of  cases,  10] 


Feb. 
Feb. 
Jan. 
Feb. 
Feb. 
Jan. 
Feb. 
Jan. 
Dec. 
Nov. 


6,  1880. 
26, 1880. 
27,  1882. 
15,  1883. 

18,  1884. 
31,  1885. 

6.  1885. 

19,  1887. 
18,  1887. 

1,  1888. 


30.0 
29.6 
30.0 
29.7 
29.4 
30.0 
29.8 
29.2 
29.6 
29.7 

44 
45 

95 
97 

"'45 
44 
44 
45 
45 
44 

"""99" 

99 

99 

112 

•     95 

101 

30.1 

30.2 

N. 

300 

29.9 

•20  to 

-10 

20 

-10 

-20 

0 

-30 

-20 

10 

30 


30  N. 
50  N. 
60  N. 
30  N. 
30  NW. 
20 

30  NE. 
60  NE. 
SON. 
60  N. 


500 
800 
1,100 
400 
800 

'506 
600 
300 
500 


[XXV.— Minnesota  or  Lake  Superior  low;  open  northwest;  high  southwest  or  south  in  Texas. 

Type  October  IG,  1880.    Number  of  cases,  3.] 


Oct.  16,  1880-. 
Oct.  17,  1880.- 
Feb.  10,  1881 -- 


28.9 
29.2 
29.4 

45 
45 
47 

92 

87 
86 

30.2 
30.3 

S. 

sw. 

"'"900" 

30  to  60  W. 
30      70  NW. 
10      50  W. 


600 
900 
900 


[XXVI.— Missouri  to  Colorado  low;  rounded  northeast;  high  northwest.    T>'pe  November  22, 

1887.    Number  of  cases,  8.] 


Feb.  27, 
Mar.  4, 
Oct.  15, 
Dec.  4, 
Mar.  2, 
Feb.  7, 
Feb.  17, 
Nov^.  22, 


1880- 

1880- 

1880- 

1880- 

1881 -- 

18a5..' 

1887- - 

1887-. 


29.8 
29.5 

40 
39 
38 
40 
39 
40 
38 

96 
97 
96 
96 
96 
98 
100 

30.7 

N. 

400 

29.6 
29.6 
29.6 

30.2 

NW. 

^•— ^^  ••.•  ^* 

29.6 

29.2 

29.6 

30.3 

NW. 

1,000 

—20  to  50  N. 


—10 
30 

—10 
10 

—20 

0 

10 


60  N. 
70  NW. 
60  N. 
50  NE. 
50  N. 
60  N. 
50  NW. 


900 
800 
800 
900 
800 
1,100 
1,000 
800 
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Table  VI. — DEscRrprioN  okTvpesof  Map  AccouniNo  to  Isobars  on  Days  Pue- 

CEDiNu  Cold  Wavks,  etc. — Continued. 

[XXVII. — Missouri  low;  open  Bouthwest,  like  XXVI.  only  rounded  end  more  to  the  north  than 
the  northeast;  high  north,  and  in  some  cases  northwest.    Type  December  31, 1887.    Number  of 
•,  17.] 


Date. 


Jan.  27, 
Dec.  20, 
Mar.  4, 
Mar.  20, 
Feb.  24, 
Dec  29, 
Mar.  12, 
Not.  6, 
Nov.  22, 
Feb.  9, 
Mar.  19, 
Nov.  17. 
Mar.  27, 
Oct.  24. 
Dec.  30, 
Mar.  26, 
Nov.  8, 


1880 
1881 
1882 

1882 
1883 
1883 
1885 
1885 
1885 
1886 
1886 
1886 
1887 
1887 
1887 
1888 
1888 


__i 


Low 
press- 
ure. 

Lati. 
tude. 

Itu 

o 

29.7 

37 

30.0 

36 

29.7 

41 

29.6 

43 

29.7 

37 

29.  9 

41 

29.8 

37 

29.4 

39 

29.6 

38 

29.5 

40 

29.6 

41 

29,4 

43 

29.8 

37 

29.6 

41 

29.5 

42 

29.6 

40 

29.6 

34 

Longi- 
tude. 


97 
94 
95 
96 
95 
93 
93 
95 
90 
94 
93 
94 
93 
90 
94 
87 
93 


High 
press- 
ure. 


In, 
30.1 
:J0.8 
30.4 
30.  3 
30.4 
30.4 
30.5 
30.0 
30.2 
30.4 


Position 
from  low. 


30.4 
30.4 
30.6 
3i;.  3 
30.5 
30.5 


NW. 

NW. 
NW. 

NW. 
NW. 

N. 

W. 
NW. 

N. 


W. 

N. 

NW. 
NW. 
NW. 
NW. 


Distance, 

hiffh  to 

low. 


Miles, 


800 
900 
600 
600 
500 
800 
700 
900 
600 


600 
500 
900 
700 
1,000 
900 


Temperatures.        ^^^^ 


-20  to 
20 
10 

0 

0 

-20 

-20 

30 

20 

.  0 

20 

0 

10 

10 

-10 

0 
20 


40  NW. 
60  NW. 
50  NW. 
60  NW. 
SON. 
40  NW. 
SON. 
70  NW. 
SON. 
40  NW. 
60  N. 
SO  NW. 
60  N. 
60  NVV. 
40  NW. 
60  NW. 
60  NW. 


0 

Mifes. 

1,000 
400 
800 
700 
900 
700 
700 
400 
800 
600 
700 
600 
800 

1,000 
600 

1,100 
800 


[XXVIII.— -Missouri  low;  open  northeast  and  southwest;  high  northwest.    Type  January  10, 18xS4. 
•  Number  of  oases,  6.] 


Oct  3,  1880.- 
Nov.  30.  1881- 
Dec.  13,  1881-. 
Jan.  10,  1884.. 
Oct,  7,  1884..- 
Oct  18,  1888- 


29.9 

43 

82 

30.3 

NW. 

29.9 

40 

.    93 

30.2 

NW. 

29.7 

42 

89 

30.5 

NW. 

29.7 

39 

91 

30.5 

NW. 

29.9 

40 

96 

30.3 

NW. 

29.7 

43 

97 

30.3 

NW. 

600 
300 
900 
800 
400 
500 


30  to  60  NW. 

0  60  N. 
-10  60  N. 
-10      40  N. 

20      70  NW. 

30      60  N. 


800 
800 
700 
1,000 
600 
600 


[XXIX.— Missouri  low;  open  northeast;   high  northwest    Type  January  11,  1885.    Number  of 

oases,  12.1 


Jan.  19,  1880. 
Jan.  26,  1882 
Feb.  16,  1882. 
Dec  16,  1883. 

Jan.  11,  1885. 


Feb.  14, 
Feb.  17, 
Nov.  16. 
Nov.  9, 
Dec  15, 
Jan.  8, 
Dec.  10, 


1885. 

1885, 
1887. 
1888. 
1888. 
1889. 
1889. 


29.7 

40 

96 

30.2 

N. 

500 

29.6 

43 

95 

30.1 

NW. 

500 

29.9 

40 

92 

30.6 

NW. 

600 

29.7 

41 

91 

30.5 

NW. 

900 

29.5 

39 

97 

530.2 
^29.6 

1  NW. 

600 

29.7 
29.8 

38 
38 

99 
95 

30.3 

NW. 

700 

29.7 

13 

90 

30.3 

W. 

1,000 

i  29.7 

38 

90 

30.4. 

NW. 

700 

29.5 
29.6 

40 
35 

97 
95 

30.3 

NW. 

800 

29.7 

42 

94 

30.1 

NW. 

—20  to  50  N. 
—10   60  NW. 
—10   60  NW. 
—20   30  N. 

—10   40  NW. 


-20 
30 
20 
20 
20 
0 
10 


20  N. 
30  N. 
50  NW. 
60  NW. 
50  NW. 
50  NW. 
50  NW. 


600 

900 

1,  000 

500 

700 

600 

1,000 

700 

500 

500 

1,000 

1,000 
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Table  VL — Description  of  Types  op  Map  Accoedixo  to  Ihobabs  on  Days  Pbb- 

CEDINO  Cold  Waves,  etc. — Continued. 

[XXX. — Itfisflouri  low;  oblonK  northeast  to  southwest;  inclosed;  high  northwest.    Type  February 

19,1888.    Numbei'ofcaaes,8.J 


Date. 


Dec.  26, 
Jan.  27, 
Dec  12, 
Jan.  16, 
Feb.  19, 
Nov,  5, 
Mar.  ir», 
Dec.  16, 


1883.- 

1885-. 
1886.. 
1887- 
1888-. 
1S88_. 
1889-. 
1889.. 


Low 
press- 
ure. 

lati- 
tude. 

In, 

o 

29.5 

42 

29.9 

37 

29.8 

39 

29.6 

39 

29.5 

40 

29.7 

38 

,   29.6 

40 

'  29.9 

42 

Longi- 
tude. 


93 
93 
95 
95 
95 
96 
94 
93 


HiKh 
press- 
ure. 


In. 
30.3 
30.3 
30.5 
30.2 
30.4 
30.3 
30.2 
30,4 


Position 
from  low. 


NW. 

N. 
W. 
NW. 
NW. 
NW. 

N. 
NW. 


Distance, 
high  to 
low. 


Milts, 
600 
400 
800 
700 
1,100 
1,300 
500 
800 


Temperatures. 


•30  to  60  N. 
30       30  N. 


10 
-20 
10 
20 
0 
20 


40  NW. 
SON. 
SON. 
60  NW. 
50  N. 
60  NW. 


0i»- 
taoce. 


700 
700 
400 
800 
1,000 
1,000 
500 
700 


[XXXI.— Missouri  to  lakQS  low;    flat  and  narrow:    peaked  southwest;  open  northeast.    Type. 

March  18,  1883.    Number  of  cases,  5.] 


Mar.  18, 1883.  J  29.5 
Jan.  18,1884.-,  29.5 
Mar.   2,1887...  29.6 


Jan.  19,1888..:  30.2 


Dec.  24,1888-. 


39 

89 

48 

69 

45 

81 

.  ^ — —  — 

29.8    i 


30.4 

NW. 

700 

30.6 

30.4 

NW. 

700 

30.7 

NW. 

400 

30,5 

SE. 

300 

30.3 

NW. 

500 

—20  to  60  N. 
—20      30  NW. 

—10      60  N. 


[—40 
0 


ION. 
SON. 


600 
500 
800 

800 

300 


[XXXII.— Mississippi  Valley  low :  long,  open  south.    Type  January  3, 1888.    Number  of  cases,  IQ.] 


Feb. 

Dec. 

Jan. 

Feb. 

Oct. 

Dec. 

Jan. 

Mar. 

Jan. 

Nov. 


12, 1881. 
21,1881. 
17, 1883. 
15,  1885. 
19, 1885. 
13,1885. 
3,  1886. 
30,18H6. 
20,  1889. 
12,  1889. 


29.7 
30.0 

29.8 
29.7 
29.6 
29.9 
I  29.7 
I  29.7  I 
!  30.0 
I  29,8 


35 
39 
43 
38 

40 
37 
40 
30 
36 
29 


90 
92 

87 
89 
92 
87 
92 
87 
90 
91 


30.4 
30.4 
30.6 
30.2 
30.3 
30.5 
30.2 
30.1 
30.6 
30.2 


NW. 
NE. 

Nw^ 

NW. 
NW. 
NW. 
NW. 
NW. 
W. 
NW. 


900 
400 
700 
700 
700 
1,000 
500 
600 
900 
600 


-10  to 

20 

■20 

-20 

30 

10 

■10 

10 

-20 

0 


50  NW. 
60  NW. 
40  NW. 
30  NW. 
60  NW. 
40  NW. 
50  NW. 
60  NW. 
50  NW. 
60  NW. 


1,100 
600 
900 
800 
600 
700 
600 
800 
600 

.  800 


[XXXIII.— Mississippi  low;  high  northwest.    Type  February  8. 1886.    Number  of  cases, 6.] 


Dec.  19,1883-., 
Nov.  28, 1884- - 
Jan.  8,1886.- 
Feb.  3, 18vS6.. 
Mar.  9, 1886.. 
Dec  24,1887.. 


30.0 

33 

29.7 

32 

29.5 

32 

29.8 

32 

29.8 

30 

1 

29.6 

30 

87 
87 
87 
87 
87 
89 


30.4 
30.3 
30.9 
30.9 
30.4 


N. 
NW. 
NW. 
NW. 

NW. 


400 

900 

1.500 

1,400 

1,000 


20  to  60  NW. 

30      60 
—40      40  NW. 
—40       50  NW. 
—10      50  NW. 


400 


1,300 

1,400 

900 


[XXXI v.— Lakes  Superior  and  Huron  low;  V-shaped;  open  northeast;  high  to  thesonth.    Type 

March  9, 1885.    Number  of  cases,  4,] 


1 

Mar.  23,  1880.. 
Feb.  22,  1881.. 

29.6 
29.8 
29.6 
30.2 

47 
47 
47 

84 
86 
86 

30.3 

W. 

600 

0  to  40  NW. 
10   30  NW. 

—20   30  NE. 

600 
200 

Mar.  9,  1885.. 

Mar,  15,  1888.- 

30.4 

NW. 
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Table  VF.— Descbiptiox  of  Types  of  Map  Accokdixc*  to  Isobars  on  Days  Pbk- 

CEDiNO  Cold  Waves,  etc. — Continued. 

[XXXV.— Lakes  Superior  and  Huron  low;  V-shaped;  (H>en  northeast;  high  to  the  southwest 

Type  November  27, 1887.    Number  of  cases,  11.] 


I>ate. 

Low 
press- 
ure. 

Lati- 
tude. 

Longi- 
tude. 

High 
press- 
ure. 

Position 
from  low. 

Distance 

high  to 

low. 

Temperatures. 

Dis- 
tance. 

Nov.  26. 1883- 
Dec.  24.1883.- 

In. 
29.5 
29.7 
29.3 
29.4 
29.0 
29.1 
29.7 
29.4 
29.6 
29.5 
29.2 

o 
47 

o 
84 

In. 
30.4 
30.2 
30.3 
30.2 
30.3 
30.2 
30.5 
30.3 
30.3 
30.3 
30.2 

sw. 
sw. 
sw. 
sw. 
sw. 
w. 
sw. 
sw. 
sw. 
sw. 
sw. 

Miles. 
900 
900 
900 
700 
900 

1,300 
500 
500 

1,400 
800 

1,000 

o         o 

—20  to  60  N  W. 

20  60  NW. 
—20      50  NW. 

30      70  NW. 

0      60  NW. 

0      60  NW. 

—30      60  NW. 

—20      50  N  W. 

30      60  NW. 

10      60  NW. 

10      40  NW. 

MUes, 
900 
50U 

Jan.  30,1884-- 
Nov.    7.  1885-. 
Nov.  18,  1886.. 
Nov.  23,  1888.. 
Nov.  27,  1887- 
Dec.    4,  1887- 
Nov.    2,1888- 
Dec  27, 1888- 
Jan.  17,  1889  . 

46 
45 
46 

47 
46 
47 
47 
46 

84 
89 
80 
90 
82 
90 
79 
84 

600 
500 

1,000 
800 
800 

1,100 
500 
900 
700 

[XXXVL — Lakes  Superior  and  Huron  low;  V-shaped;  open  northeast;  high  to  northwest.    Type 

March  28, 1882.    Number  of  oases,  22.] 


Jan. 

Oct 

Oct. 

Mar. 

Mar. 

Jan. 

Dec 

Feb. 

Nov. 

Oct. 

Jan. 

Dec. 

Jan. 

Feb. 

Mar. 

Nov. 

Nov. 

Feb. 

Dec. 

jLiec. 

Mar. 

Nov. 


2, 1881. 
12, 1881. 

15. 1881. 
23,1882. 

29. 1882. 
3,1883. 
1,1883. 

22, 1884. 

16, 1884. 

7,1885. 

16. 1886. 
26,  1886. 

29. 1887. 
8,1887. 

24,  1887- 
3,1887. 
7,1887. 
7,1888. 

10. 1888. 
30, 1888. 
26,1889. 
10,  1889. 


I 


29.9 
29.8 
29.7 
29.9 
29.4 
30.0 
29.6 
29.8 
29.9 
30.0 
29.7 
29.8 
29.6 
29.6 
29.5 
29.9 
29.5 
29.7 
29.7 
30.1 
29.8 
29.6 


47 
47 
45 
47 
48 
46 
48 
48 
48 


46 
46 
44 
45 
43 
47 
43 
45 


49 
47 

48' 


86 
83 
87 
87 
86 
83 
89 
89 
88 


87 
85 
94 
84 
89 
92 
90 
82 


90 

89 
89 


30.3 


30.3 
30.6 


30.6 
30.4 
30.3 
30.4 
30.3 
30.5 
30.4 


W. 


W. 

NW. 


W. 

w. 

w. 


NW. 
NW. 
NW. 


30.2 

W. 

30.0 

NW. 

30.2 

W. 

30.2 

W. 

30.0 

W. 

30.3 

NW. 

30.6 

W. 

30.2 

NW. 

30.0 

400 


600 


500 
800 
500 


400 
500 
500 


500 
300 
7U0 
500 
500 
700 
600 
600 


—10  to  20  NW. 


20 
0 

20 
—30 

20 
—10 

20 


—10 
—30 
—40 
—20 


10 

30 

—30 

0 


70  Nw. 
30  N. 
50  N. 
30  NW. 
40  N. 
30  N- 
50  NW. 


40  NW. 
20  NW. 
30  N. 
60  NW. 


50  N. 
50  NW. 
30  N. 
30  NW, 


30   40 


300 


700 
200 
500 
700 
500 
800 
500 


hOO 
600 
800 
700 


400 
300 
700 
GOO 


[XXXVII. — ^LakesSuperiorand  Huron  low;  V-ehaped;  open  northeast;  high  to  northwest;  rounde<l 
end  pointed  southeast.    Type  February  U,  1885.    Number  of  cases,  5.  ] 


Feb.  12, 1885.. 

30.0 

47 

1 

82     30.4 

NW. 

600 

-  20  to  20  N. 

50fl 

Mar.  24, 1885.. 

29.8 

47 

84 

30.6 

NW. 

600 

—10      40  N. 

600 

Nov.   5,1886- 

99.7 

45 

82 

30.6 

W. 

900 

20      40  NW. 

500 

Nov.  19,1887- 

29.2 

45 

87     30.5 

W. 

1,400 

0      40  NW. 

600 

Feb.  20, 1888- 

i;9.3 

46 

85 

30.1 

NW. 

700 

—20      40  NW. 

700 
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Table  VI. — DKscBimoN  of  Typks  ok  Map  Acc  okhincs  to  Isohaks  on*  Days  Pke- 

CKDING  COLJ>  WAVEfcJ,  ETC. — CoiltiQUedL 

[XXXVIII.— Lakes  Superior  and  Huron  low;  open  north ;  high  to  northwest ;  rounded  end  point- 
ing southeast;  lilce  XXXVII  with  the  addition  of  a  low  area  in  Utah  or  Idaho.  Tyiie  January 
13, 1 888.    Number  of  oases,  5. ] 


Dates. 


Mar.  7, 1887. 
Jan.  13, 1888. 
Mar.  13,  1889. 
Mar.  27,  1889. 
Dec.  19, 1889. 


29.8 


Low 
press- 
ure. 

Lati- 
tude. 

In. 

o 

29.9 

47 

29.5 

46 

29.8 

47 

29.6 

47 

-    LoPfci- 
tude. 


82 
85 
79 
82 


HiKh 

Position 

press- 

from low. 

ure. 
In. 

30.4 

NW. 

30.8 

NW. 

30.4 

NW. 

30.2 

W. 

30.2 

NW. 

Distance, 

high  to 

low. 


600 
800 
600 
50(X 


Temperatures. 


10  to  50  NW. 
.30       40  NW. 
-10      40  N. 
10      50  N. 
•10      40  NW. 


Dis- 
tance. 


Miles, 
900 
800 
600 
900 
600 


[XXXrX.— Lakes  Superior  and  Huron  low;  open  northeast;  high  to  the  west;  rounding  end 
pointing  southwest;  area  without  isobars  in  southwest;  semblance  of  low  in  ilie  far  southwest 
in  Texas.    Type  January  18. 1883.    Number  of  cases,  11.] 


Jan.  30, 
Feb.  12, 
Jan.  21, 
Jan.  13, 
Oct  19, 
Nov.  11, 
Oct.  20, 
Sept.  30, 
Oct.  20, 
Oct.  24, 
Nov.  10, 


1880. 
1880. 
1882. 
1883- 
1883. 
1883. 
1885. 
1886. 
1886. 
1886. 
1886- 


29.6 
29.2 
29.9 
29.4 
29.9 
29.6 
29.6 
29.6 
29.8 
29.6 
29.9 


47 
47 
44 
47 
47 
47 
47 
46 


48 
46 


89 

84 
85 
86 
86 
85 
82 
84 


87 
84 


30.5 
30.3 
30.5 
30.5 
30.2 
30.2 
30.3 
30.4 
30.4 


W. 
W. 
W. 

NW. 
W. 

w. 
sw. 
w. 
w. 


800 
700 


500 
500 
600 
500 
700 
600 


-10  to  50 
■10      50 


-20 
-20 
20 
0 
20 
20 
30 
30 
10 


60 
30 
60 
60 
60 
60 
60 
60 
40 


NW. 

NW. 

N. 

NW. 

NW. 

NW. 

W. 

N. 

NW. 

NW. 

NW. 


800 

800 

1,300 

500 


1,000 
800 
700 
500 
400 
300 


[XL. — Lakes  Superior  and  Huron  low ;  open  northeast;  long  narrow;  peaked  southwest:   high 
to  the  northwest.    Type  January  11,  1»80.    Number  of  oases,  12.] 


Jan.  9,1880.. 
Jan.  11. 1880- 
Feb.  17, 1880- . 
Nov.  17, 1881. - 
Nov.  29, 1881- . 
Dec.  7,1883-. 

Jan.  22, 1884- _ 

Nov.  12, 1885.. 
Dec.  23,1885-. 
Jan.  25, 1887- . 
Mar.  10, 1888.. 
Dec  29,1889-- 


29.  5 

48 

88 

29.4 

47 

87 

29.7 

46 

90 

29.6 

48 

91 

29.9 

47 

85 

29.6 

47 

90 

29.7 

47 

80 

29.5 

46 

85 

29.6 

47 

83 

29.5 

46 

84 

29.9 

29.3 

45 

85 

30.0 
30.2 


30.4 
30.2 
30.6 
J30.5 
^30.5 
30. 5 
30.4 
30.1 
30.5 
30.5 


W. 
NW. 


500 
500 


w. 

500 

NW. 

500 

W. 

1,000 

s. 

700 

NW. 

1,400 

W. 

1,300 

w. 

700 

NW. 

600 

NW. 

400 

NW. 

800 

-10  to  60  NW. 
-20      60  NW. 

0      50  NW. 

0  60  NW. 
10  60  NW. 
10      50  NW. 


700 
600 
500 
600 
400 
600 


10 

60  NW. 

600 

0 

60  N. 

900 

20 

40  NW. 

700 

20 

60  NW. 

800 

20 

60  NW. 

600 

[XLL — Lakes  Superior  and  Huron  low;  narrow  ;  peaked  southwest;  open  northeast;  axis  of  low 
more  nearly  east  than  in  SL.    Type  February  21, 1889.    Number  of  cases,  8.] 


Feb.    8,1880.. 
Jan.  25, 1889.. 
Feb.  21,  1889- . 

29.9 
29.8 
30.0 

47 

48 
47 

88 
87 
93 

30.4 
30.8 
30.8 

W. 
NW. 
NW. 

400 
800 
400 

1 

— 10  to  30  N. 
—10      30  N.     1 
—30      20  N.     ; 

1 

200 
400 
500 
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Tablk  VI.— DcscKiPTruN  of  TvrKsoi*'  Mw  Ac^^mDiNu  rn  Isohaus  on  Days  Pre- 
ceding COLT)  Waves,  inc. — Continued. 

[XL.II. — lAkea  Superior  and  Huron  low;  very  open  ;  low  very  extensive  high  to  the  south,  also  at 
iime^  to  the  west  and  northwest.    Type  January  13, 1884.    Number  of  cnaea,  16.] 


Btate. 

Low 
preoa- 

ure. 

• 

In. 
29.6 
29.6 
29.6 
29.7 
29.8 
29.7 
29.6 

29.4 

29.2 
29.8 
29.9 
29.9 
29.7 
29.6 

29.3 

29.7 

Lati- 
tude. 

Longi- 
tude, 

High 
press- 
ure. 

Position 
from  low. 

Distance, 

high  to 

low. 

Miles, 
500 

1,000 
500 

"i,'60o" 

Temperatiyres. 

Dis- 
tance. 

Jan.    1. 1880-- 

o 

0 

In. 
30.4 
30.6 
30.1 
30.2 
30.5 

SE. 
W. 

w. 

W. 
SW. 

0              0 

MtTes. 

Nov.  15,1880-, 
Dec.    6. 1881— 

47 

87 

Jan.  15, 1882.. 
Dec.    1,  1882.. 

""'47* 

47 

47 

""89' 
85 

91 

—10  to  40  N. 

800 

Feb.  11. 1883- 

—10      60  N. 

1.300 

Mar.  14.  1883-. 

30.3 
30.3 

W. 

)    SE. 

Jan.  13, 1884.. 

1,200? 
1,000^ 

Jan.  31, 1884— 

—20      50  N. 
40      60  NW. 
10      40  NW. 

800 

Oct.  28,1884.. 
Dec.  10, 1884- 
Jan.  20,1885.. 
Dec.  18, 1885- 
Feb.    8. 1886.  . 

60 

48 
48 
49 

70 
86 
87 
90 

30.3 
30.5 
30.4 
30.5 

SW. 

w. 

w. 

SW. 

1,000 
500 
900 
600 

400 
800 

—10      20 

Jan.  28, 1887.- 
Dec  20,  1888— 

530.4 

^30. 5 

30.5 

SW. 

SE. 
S. 

1,200( 
1,000  s 
900 

0      50NW. 

800 

m  ^  ^^  mm  ^ 

[XLIII.— Wisconsin  and  XllinolB  low;  long  axis  of  low  east  of  north;  inclosed  isobars;  rounded 
ends  symmetrical ;  high  to  the  northwest.    Type  December  4, 1885.    Number  of  cases,  7.1 


Feb.  27, 1881.. 

29.5 

43 

87 

30.4 

NW. 

600 

—20  to  50  N  W. 

800 

Feb.  19, 1884- 

29.5 

41 

88 

30.4 

NW. 

1,000 

—40 

50  NW. 

1,200 

Dec   4,1885- 

29.4 

43 

89 

30.5 

NW. 

700 

10 

50  N. 

600 

Dec.    9,1885  — 

29.4 

43 

87 

30.2 

NW. 

600 

0 

50  NW. 

800 

Feb.  18, 1887- . 

29.1 

-  43 

87 

30.4 

NW. 

1,500 

0 

60  NW. 

1,200 

Dec.  20. 1887 - 

29.7 

37 

89 

30.8 

NW. 

700 

—20 

40  NW. 

500 

Dec  26, 1888- 

29.5 

45 

1 

91 

30.4 

NW. 

700 

10 

50  NW. 

500 

[XLIV.— Wisconsin  low ;  long  axis  northwest  to  southeast;  isobars  inclosed ;  rounded  ends;  high 

to  the  west.    Tsrpe  February  26, 1887.    Number  of  cases,  3.] 


Jan.  13, 1882- 
Mar.  5, 1882  . . 
Feb.  26, 1887- 


29.8 

46 

87 

30.3 

NW. 

400 

29.5 

45 

92 

30.6 

NW. 

900 

29.4 

43 

88 

30.5 

w. 

900 

—10  to  50  NW. 

10      60  NW. 

—10      50  NW\ 


900 
800 
800 


[XLV.— Michigan  low;  long  axis  northeast  to  southwest;  isobars  inclosed ;  rounded  ends ;  high  to 

the  northwest.    Type  February  19, 1886.    Number  of  cases,  6.  ] 


Feb.  28, 1880. 
Jan.  13,1881. 
Dec  27, 1883. 
Oct.  3, 1885. 
Feb.  19, 1886. 
Oct.     1,  1888. 


29.8 

42 

88 

30.4 

NW. 

400 

29.5 

44 

86 

30.2 

NW. 

500 

29.6 

44 

84 

30.3 

NW. 

500 

29.5 

45 

82 

30.3 

W. 

600 

29.6 

44 

83 

30.5 

NW. 

500 

29.4 

45 

82 

30.2 

W. 

800 

-30  to  50  NW^. 
-40  40  NW. 
-30  40  NW. 
30  60  NW. 
-20  40  NW. 
40      60  N. 


700 
700 
600 
800 
800 
400 
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Tablk  VI. — Descbiftion  of  Types  of  Map  AccoRiUNt}  to  Isobars  ox  Days  Pkx- 

CKDiKG  Ck)LD  Waves,  etc. —Continued. 

[XLVT.— MiobiflRui  low ;  northeast  to  southwest;  open  southwest:  hi^h  to  the  northwest.    Type 

February  16, 1889.    Number  of  oases.  7.] 


Date. 

Low 

press- 
ure. 

Lati- 
tude. 

o 

43 
45 
43 
43 
45 
43 
40 

Longi- 
tude. 

High 

press^ 

ure. 

Position 
fromlow^ 

IHstanoe, 

high  to 

low. 

Temperatures. 

• 

DIs- 

tance. 

Oct.  17,1881- 
Nov.11,1882- 
Mar.   6,1883- 
Nov.   9,1883- 
Oct  21,1884- 
Nov.  4,1884- 
Feh.  16, 1889- 

In. 
30.0 
29.8 
29.7 
29.6 
30.0 
29.9 
29.7 

o 

90 
90 

87 
84 
87 
83 
90 

Jit. 
30.3 
30.4 
30.4 
30.0 
30.4 
30.6 
30.5 

Miles. 

o            o 

30  to  70  NW. 
10      70  N  W. 
0      60  NW. 
20      60  NW. 
30      60  NW. 
20      50  NW. 
—20      60  NW. 

MUea. 
800 

NW. 

NW. 
W. 

w. 

NW. 
NW. 

400 
700 
500 
900 
700 
600 

600 

1,000 

800 

400 

1,000 

1.100 

[XLVII.— Double  low  Michigan ;  open  southwest;  low  on'PMiflc coast;  high  to  the  northwest  in 

between  lows.    Type  March  2, 188S.    Number  of  cases,  3.] 


Jan.    6,  1887 1 

30.1 
30.0 

1 
}45 

84 

30.7 

NW. 

800 

—30  to  20  NW. 

800 

Jan.    6, 1888 1 

29.8 
29.7 

|44 

86 

30.7 

NW. 

900 

—30      60  NW. 

1,100 

Mar.    2, 1888 1 

29.8 
29.6 

}43 

87 

30.9 

NW. 

900 

—20      60  NW. 

900 

[XL VIII.— Michigan  low :  northeast  to  southwest ;  inclosed ;  high  to  the  west ;  axis  northwest  to 

southeast.    Type  January  23, 1887.    Number  of  cases,  1.] 


Jan.  23,1887- 


29.7 

42 

87 

30.4 

SW. 

900 


—20  to  50  NW. 


700 


[XL1X.— Michigan  low;  eggnihaped;  narrow  end  extende<!  east;  high  to  the  northwest.    Type 

Febriwry,  11, 1887.    Number  of  casefl,  2.] 


Jan.  20,  1880- 
Feb.  11, 1887- 


29.6 
29.4 

41 
43 

83 
83 

30.5 

NW. 

900 

10  to  50 

-30      60  NW. 


1,000 


[L.— Michigan  and  Wisconsin  low;  flaring  northeast;  high  to  the  west.    Type  October  14, 1886. 

Number  of  cases,  3.  J 


Nov.  23, 1882- 
Oct.  14.  1886- 
Dec    5,1888- 

29.7 
29.1 
29.6 

45 

41 
43 

87 
92 
84 

30.3 
30.0 
30.3 

W. 

SW. 

W. 

500 
500 
600 

10  to  40  NW. 

40      70  NW. 
20      40  N  W. 

500 
600 
500 

[LI.— Michigan  low ;  open  to  the  northwest ;  rounded  end  southeast ;  high  to  the  west.    Type 

December  14, 1880.    Number  of  cases,  3.] 


Dec.  14, 1880.. 
Mar.  25, 1886- 
Feb.    2,1889- 

29.4 
29.7 
29.7 

45 
47 
45 

86 
83 
79 

29.9 
30.4 
30.7 

SW. 

W. 

W. 

"  i,*40o" 

20  to  40 

20      60  NW. 

10      30  N. 

"soo 

600 
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TABL.K  VI. — ^DESCBIPTIOX  OF  TYPISS  OF  MAP  ACCORDING  TO  ISOBASS  ON  DAYS  PBE* 

CEDING  Cold  Waves,  etc.— Continued. 

[UI. — Michiican  low;  iu  the  north  of  State;  low  deep;  round  pointed  southwest;  hifch  to  the 
northwest ;  pointed  southwest.    Type  February  25. 1886.    Number  of  oases,  9.] 


Date. 


Mar.  27, 
Nov.  23, 
Dec  23, 
Dec  31, 
Feb.  25, 
Jan.  17, 
Mar.  13, 
Dec  28, 
Jan.  31, 


1882. 
1884. 
1884. 
1884. 
1886. 
1887. 
ISfff. 
1887. 
1889. 


IjOW 

press- 
ure. 

Lati- 
tude. 

o 

In, 

29.3 

45 

29.3 

47 

29.4 

45 

29.3 

47 

29.1 

47 

29.4 

45 

29.8 

45 

29.4 

46 

29.6 

46 

Lons:i- 
tude. 

Hiffh 
press- 
ure. 

Position 
from  low. 

Distance, 
hig:h  to . 
low. 

o 

In, 

MUea, 

82 

30.2 

NW. 

600 

83 

30.4 

NW. 

600 

82 

30.5 

NW. 

700 

84 

30.7 

NW. 

600 

84 

30.4 

NW. 

700 

62 

30.6 

W. 

800 

84 

30.9 

NW. 

600 

82 

30.8 

NW. 

900 

84 

30.5 

NW. 

1,000 

Temperatures. 


10  to 
-20 
-40 
.40 
-20 
-30 
-10 
•30 
-20 


60  NW. 
50  N. 
50  NW. 
50  NW. 
40  NW. 
40  NW. 
40  NW. 
60  NW. 
30  NW. 


Dis- 
tance. 


900 

500 

1,200 

1,000 

700 

900 

700 

1,300 

600 


[LIU.— Michigan  low;  V'B'>*P^«  open  north;  high   to  the  west  or  northwent.    Typo  January 

28,1882.    Number  of  oases,  5.] 


Dec  11, 1880-. 
Jan.  8,  1882.. 
Jan.  28.  1882.. 
Oct  8,  1884.. 
Nov.  18,  1885. . 


30.1 
30.5 

29.7 

43 

87 

w.  . 

1,200 

29.9 

45 

82 

30.5 

W. 

500 

29.8 

42 

80 

30.3 

W. 

500 

29.7 

43 

87 

30.3 

W. 

600 

40  to  60  NW. 
20  60  NW. 
-20  60  NW. 
30  70  NW. 
30   60  NW. 


300 
800 
1,100 
400 
700 


ILTV.^Doublelow;  Michigan  and  Atlantic  ooast;  high  to  the  northwest.    Type  March  10,1883. 

Number  of  cases,  8.] 


Dec  27, 18«0- 
Mar.21,  1882.. 

Jan.  10, 1883 1 
Mar.  10, 1883  ( 


Mar.  2, 1884 1 

Jan.  24, 1885 1 

Mar.  18,  1885.. 
Nov.  15,  1888.. 


SW. 
NW. 


NW. 


NW. 

NW. 
W. 


500 
1,000 


900 


600 

1,000 
900 


-40  to  30  NW. 

0     50  NW. 


20  to  40  NW. 
—30      SON. 


—20      40  NW. 


-20 
0 


30  NE. 
50  NW. 


900 
1,000 


500 
500 

700 

900 
1,000 


LV. — Michigan  low:  peculiar  wood-grain  shape;  proitsure  gradient  heavy  to  the  west;  light  gradi- 
ent to  the  east;  low,  peaked  southeast;  high  to  the  northwest  or  west.  Type  January 9, 1889. 
Number  of  cases,  9.] 


Feb, 
Feb. 
Feb. 
Jan. 
Mar. 
Mar. 
Feb. 
Nov. 
Jan. 


12, 1881- 

28. 1881. 

21. 1882. 
4,1886. 
8,1886. 

31, 1886. 

25,1888. 

10, 1888. 

9,1889. 


29.4 

44 

85 

30.4 

NW. 

600 

29.4 

45 

82 

30.2 

NW. 

500 

29.3 

43 

85 

30.3 

SW. 

800 

29.5 

44 

91 

30.5 

NW. 

700 

29.6 

45 

87 

30.  5 

NW. 

800 

29.5 

42 

83 

30.1 

NW. 

29.0 

44 

85 

30.4 

W. 

1,500 

29.6 

44 

82 

30.2 

8W. 

1,000 

29.0 

42 

87 

30.1 

SW. 

500 

1 

0  to  40  NW. 

-20  40  NW. 

•20  60  NW. 

0  50  NW. 

-10  30  NW. 

10  60  NW. 

-10  60  NW. 

30  70  NW. 

0  40  NW. 


800 

900 

700 

1,000 

600 

1,000 

1,400 

1, 000 

J)00 


lie 
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Tahlu  VI.— Deschiption  OB'  TypE3  of  Map  Accobdino  to  Isobaus  on  Days  Pbb- 

CEDING  Cold  Waves,  etc. — Continued. 

[LVI.— Michigan  low ;  gnifdiento  dimiaishing  southward.     Type  November  27,  1889.    Number  of 

cases,  2.] 


Date. 


Jan.  22,  1880. 
Nov.  27, 1889. 


proas-     j^         ^^ 


High 

press- 
ure. 

Position 
frow  low. 

DistHnpe, 

bifrh  to 

low. 

in. 

Miles, 

30.5 

W. 

600 

Temperatures. 


-10  to  40  NW. 
10       50  NW. 


Dis- 
tance. 


MUen. 
800 
1,100 


[LVII. — Illinois  low;  triangular  shaped.    Type  March  20, 1886.    Number  of  cases,  2.] 


Mar.    9,  1882. . 
Mar.  20,  1886.. 

29.8 
29.4 

31^ 
40 

89  30.3 

90  30.2 

10  to  60  NW. 

10    m  NW. 


800 
700 


[LVIII. — Ohio.  Kentucky,  and  Tennessee  low ;  long  narrow;  flat;  extending  northeast  to  south- 
west; large  high  to  the  nozthwest.    Type  January  1, 1884.    Number  of  cases,  &] 


Feb.  13, 
Feb.  1, 
Feb.  11, 
Mar.  Id, 
Jan.  1, 
Jan.  16, 
Feb,  5, 
Nov.  12, 


1880 

1881. 

1881. 

1883. 

1884. 

1885. 

1885. 

1886. 


29.9 

36 

88 

30.5 

NW. 

29.8 

36 

84 

30.6 

NW. 

29.7 

37 

87 

30.4 

NW. 

29.7 

38 

84 

30.2 

NW. 

30.0 

36 

87 

30.9 

NW. 

29.9 

36 

88 

30.5 

NW. 

29.6 

38 

88 

30.2 

NW. 

29.8 

37 

87 

30.4 

NW. 

500 
700 
400 
600 
1,000 
500 
800 
400 


-10  to  50  NW. 

-10  60  NW. 

20  60  NW. 

0  60  N. 

-20  50  NW, 

30  60  N  W. 

20  60  N  W. 

20  60  NW. 


800 

90(» 

700 

800 

1,100 

1,300 

1,100 

700 


fLIX. — Ohio,  Kentucky,  and  Tcnnc.<i9ee  low;  extensive  area;  numerous  inclosed  isobars;  high 

northwest.    Type  February  9, 1885.     Number  of  cases,  8.] 


Mar.  16, 
Nov.  6, 
Mar.  3, 
Mar.  29, 
Feb.  9, 
Feb.  15, 
Dec.  24, 
Jan.  -.57, 


1880. 
18-^0. 
1881. 
1881. 
18a5. 
1886. 
1886. 
1889. 


29.8 

1 
39  J 

29.8 

39 

29.4 

39 

29.6 

38 

29.5 

38 

29.8 

37 

29.8 

40 

20.4 

3S 

■ 

82 

30.2 

W. 

82 

30.2 

sw. 

85 

30.3 

s\v. 

84 

30.3 

NW. 

84 

30.7 

NW. 

82 

30.4 

W. 

83 

30.4 

NW. 

85 

30.6 

1 

NW. 

0  to  60  NW, 
20  60  NW. 
60  NW. 
50  NW. 
60  NW. 
50  NW. 
40  NW. 
40  NW. 


1,000 
800 
600 
800 
1,000 
1,300 
800 
500 


[LX.— West  Virginia  low ;  high  northwest.    Type  February  6, 1889.    Number  of  oases,  5.] 


Mar.   9, 1884_. 

30,0 

38 

79 

30.  3 

Oct.  29, 1887- 

30.0 

43 

77 

30.5 

Mar.21,1888_. 

20.2- 

43 

79 

30.7 

Feb.    5,1889- 

29.4 

43 

78 

30.6 

Feb.  18,1889- 

29.4 

40 

78 

30.3 

W. 

400 

10  to  60  NW. 

1     NW. 

500 

20      50  NW. 

I     NW. 

1,300 

—20      60  NW. 

NW. 

900 

—40      40  NW. 

1      W. 

900 

—30      60  NW. 

600 
700 

1,100 
800 

1,400 
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Table  VI. — Description  of  Types  of  Map  According  to  Isobars  on  Days  Pre- 
ceding Cold  Waves,  etc. — Continaed. 

[LXI.— Outario  low ;  V-shapcd;  very  wide;  open  north;  isobars  far  apart ;  high  to  the  southwest. 

Type  November  13,  L882.    Number  of  cases,  12.] 


Date. 

Low 
press- 
ure. 

Lati. 
tude. 

Longi- 
tude. 

High 
press- 
ure. 

Position 
from  low. 

1 

Dintance, 
high  to 

low. 

i 

! 
Temperatures. 

Dis- 
tance. 

In. 

o 

o 

In. 

Miles. 

0 

° 

MHca. 

Feb.  18, 1880_. 

29.7 

46 

79 

30.4 

1      W. 

700 

—20  to  50  NW. 

900 

Nov.  18, 1880.. 

30.1 

30.7 

SW. 

1,300 

—10 

50  NW. 

600 

Dec.    8,1880.- 

29.8 

47 

80 

30.6 

•     SW. 

500 

—10 

40  NW.  . 

700 

Nov.  27, 188  I.- 

29.8 

47 

80 

30.5 

1     SW. 

1,200 

20 

40 

Dec.    1.1881.- 

29.7 

47 

76 

30.3 

1     SW. 

600 

20 

60  NW. 

800 

Dec.  29, 1881  -  . 

29.7 

47 

77 

30.5 

SW. 

800 

20 

60  NW. 

1,000 

Nov.  13, 1882.  . 

29.8 

44 

77 

30.4 

SW. 

1,  300 

0 

60  NW. 

800 

Feb.  25, 1883.. 

29.5 

47 

79 

30.5 

I    SW. 

1,000 

—10 

40  NW. 

900 

Nov.    6, 1883.- 

29.6 

47 

78 

30.3 

i    SW. 

700 

20 

60  NW. 

700 

Jan.  30,1887.- 

29.6 

45 

82 

30.2 

1    w. 

1         600 

—30 

40  NW. 

800 

Oct.  19, 1888.. 

29.6 

47 

80 

30.3 

w. 

!        700 

30 

60  NW. 

900 

Nov.   6,1888.. 

29.6 

48 

78 

30.2 

SW. 

1 

1 

800 

20 

6CNW. 

800 

[LXIL — Ontario  low;  rounded  end  south;  high  to  the  northwest.    Type  January  12,  188S.    Num- 
ber of  cases,  11.1 


Nov.  16, 
Dec.  13, 
Feb.  9, 
Feb.  13, 
Jan.  9, 
Jan.  12, 
Mar.  1, 
Mar.  15, 
Mar.  27, 
Nov.  4, 
Dec.  26. 


1880. 
1882. 

1884. 
1884. 
1885. 
1885. 
1885. 
1885. 
1885. 
1887. 
1889. 


29.9 

45 

82 

29.5 

47 

82 

30.0 

47 

78 

29.6 

47 

77 

29.3 

49 

77 

29.0 

47 

77 

29.6 

45 

79 

29.3 

47 

79 

29.8 

47 

76 

29.5 

45 

79 

29.2 

47 

79 

30.5 
30.2 
30.5 
30.2 
30.4 
30.4 
30.5 
30.3 
30.2 
30.3 
30.5 


w. 

500 

10  to  30? 



—20 

30 

w. 

600 

—20 

50  NW. 

700 

SW. 

900 

—20 

50  NW. 

1,000 

w. 

1,200 

—10 

50  NW. 

1,000 

w. 

800 

—30 

60  NW. 

900 

w. 

1,300 

10 

40  NW. 

700 

SW. 

1.300 

0 

40  NW. 

600 

10 
10 

50  N. 
50  NW. 

700 

w. 

1        700 

700 

SW. 

700 

—10 

60  NW. 

900 

[LXIII. — Ontario  low;  rounded  end  soutlieast;  high  to  the  northwest.    Type  January  .5,  1886. 

Number  of  cases,  M.] 


Feb.    7,1880.. 

30.1 

44 

77 

30.5 

SW. 

400 

—10  to  30  NW. 

700 

Dec.    7,1881- 

29.2 

47 

81 

30.3 

SW. 

700 

20 

40  NW. 

500 

Jan.    7,1883.. 

29.7 

45 

76 

30. 3 

W. 

700 

—20 

30  NW. 

600 

Dec.  15,1884.- 

29.3 

45 

76 

30.4 

W. 

1,100 

—20 

30  NW. 

700 

Jan.  21, 1885.- 

29.7 

47 

80 

30.7 

W. 

700 

—30 

30  NW. 

1,100 

Nov.  13,1885- 

29.4 

46 

79 

30.4 

W. 

1,500 

10 

60  NW. 

1,200 

Dec  19, 1885.. 

29.5 

45 

77 

30.5 

w. 

1,100 

0 

30  NW. 

600 

Jan.    5,1886-. 

29.4 

47 

79 

30.5 

NW. 

600 

—10 

40  W. 

l.OCO 

Jan.  17, 1886- _ 

29.6 

47 

75  1  30.  5 

W. 

900 

—30 

30  NW. 

1,100 

Feb.  24, 1887.. 

29.4 

45 

76     30. 5 

NW. 

900 

—30 

30  NW. 

700 

Mar. -25, 1887.. 

29.2 

47 

71  i  30.3 

W. 

1,100 

-10 

40  N. 

800 

Nov.  10,1887.. 

29.7 

46 

79 

30.2 

SW. 

600 

40 

60  NW. 

500 

Feb.    8,1888- 

29.6 

46 

76 

30.7 

SW. 

1,200 

—20 

40  NW. 

900 

Feb.  26,1888.. 

29.5 

47 

76 

30.5 

NW. 

900 

—20 

50  NW. 

1,400 
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Table  VI. — ^Description  of  Types  of  Map  Accobdino  to  Isobabs  on  Days  Pre- 
ceding Cold  Waves,  etc. — Continued. 

LLXIV.-— Ontario  low;  exteoding  to  Arkansas ;  aro>shaped;  narrow;  lowi^so  in  Utah;  great  hi^h 

to  northwest.    Type  February  8,  1887.    Number  of  cases.  1.] 


Date. 


Feb.    3, 1887._ 


Low 
press- 
ure. 

Lati- 
tude. 

o 

46 

liongi- 
tude. 

o 
76 

High 
press- 
are. 

In, 
31.1 

Position 
from  low. 

DisUnoe, 
high  to 

low. 

< 

MUe», 
400 

In. 
30.1 

NW. 

Temperatures. 


o  o 

—40  to  60  NW. 


EHs- 
ta&oe. 


mien. 
1,400 


[LXV.— Ontario  low;  open  southeast;  high  to  the  northwest.    Type  January  21,1886.    Number 

of  cases,  3.] 


Fob.  26, 1884- 
Feb.    1,1885.- 


29.5 
29.7 


Jan.  21,1886--   29.8 


47 
44 
45 


76 
77 
80 


30.5  \    NW. 

30.6  I    NW. 
30.4  !    NW. 


900 
700 
600 


-20  to  50  NW.  1. 400 
-30  30  N  W.  7U0 
-30      30  NW.      1,000 


[LXVI. — Ontario  low;  V-shaped;    extensive;    many  isobars   running  northwest   to  tK>utheaj»t. 

Type  January  26, 1885.    Numtier  of  cases,  4.] 


Jan.  26,1885.-  29.4 
Feb.  4,1885-.  29.2 
Dec.  10, 1885-- ;  29.6 
Nov.  20, 1887.. i  29.  5 


44 
47 


82 
70 


30.4 

SW. 

30.4 

W. 

30.4 

W. 

30.2 

SW. 

1,400 
1,800 
1.100 
1,000 


-30  to  40  NW.  1,  400 

0       50  N.  1,000 

10      60  NW.  700 

0       40  NW.  !  1,200 


[LXVII.— Double  low;  Ontario  and  Atlantic  coast;  high  to  the  southwest  and  northwest.    Tyi^e 

February  10,  1885.    Number  of  cases,  7.    Like  LIV.] 


Jan.  2,1884,. 
Feb.  20, 1884- 
Nov.  5,1884-- 
Feb.  10,1885-- 
Feb.  16, 1885.. 
Dec.  1, 1886-_ 
Feb.  27,1887-. 


29.4 

45 

81 

30.5 

SW. 

29.3 

47 

77 

30.4 

SW. 

29.4 

45 

82 

30.5 

w. 

29.1 

46 

74 

30.5 

SW. 

29.6 
29.4 

30.1 
30.7 

SW. 

w. 

45 

66 

29.1 

45 

72 

30.7 

SW. 

1,200 

600 

1,200 

1,200 


1,400 
1,400 


— 10to50NW. 

10  50  NW. 

—10  50  NW. 

—30  60  NW. 

—30  50  NW. 

—20  SON. 

—20  40  NW. 


1,300 

400 

'  1,30U 

;  1,200 

1,300 

1,000 

1,300 


[LXVI II— Double  low;  Ontario  and  Montana.    Type  January  12, 1887.    Number  of  cases.  3.] 


Jan.  12,1887- 
Jan.  20, 1887- . 
Dec  14,1889.. 


81     29. 9 

90  ,  29.8 

30.3 


NW. 

400 

NW. 

700 

S. 

400 

—30  to  20  NW. 
—10  40  NW. 
—10      60 


300 
600 


[LXIX.— Quebec  low ;  hifch  to  the  southwest.    Type  December  7, 1882.    Number  of  cases,  24.  ] 


Jan.  10, 
Jan.  31, 
Feb.  29, 
Nov.  7, 
Dec.  6, 
Nov.  24, 
Mar.  24, 
Dec.  7, 


1880. 

1880. 
1880. 
1880. 
1880. 
1881. 
1882. 
1882. 


29.7 

50 

67 

30.3 

SW. 

700 

29.5 

. 

30.4 

SW. 

1,200 

29.4 

47 

72 

30.2 

SW. 

800 

29.2 

49 

70 

30.2 

SW. 

1,000 

29.5 

48 

66 

30.5 

SW. 

1,400 

29.0 

45 

70 

30.6 

SW. 

1,400 

29.6 

48 

70 

30.6 

SW. 

1,  200 

29.6 

47 

74 

30.8 

SW, 

700 

0  to  40  NW. 


t 


0 
-20 
30 
-30 

0 

10 

-20 


60  NW. 
50  NW. 
60  W. 
60  NW. 
50  NW. 
40  NW. 
40  NW. 


800 
1,000 
1,200 

800 
1,400 
1,400 

400 
1,200 
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Table  VI, — Desceiptiox  of  Types  of  Map  Accoeding  to  Ihobabs  on  Days  Pee- 

cEDiNtJ  Cold  Waves,  etc.— Continued. 

b^^IX.— Quebec  low ;  high  to  the  southwest.    Type  December  7,  1882.    Number  of  cases,  24— 

Coniinued.] 


I>ate. 


Feb. 

Feb. 

Feb. 

Nov, 

Nov. 

Dec- 

Feb. 

Jan. 

Oct 

Dec. 

Nov. 

Dec 


4,1883 

7,1883 
17,1883 
14, 1883. 
27, 1883- 

2, 1883. 
14,1884. 
25, 1885. 

4, 1885. 
14, 1885. 
24, 1886- 

5, 1887. 


lati- 
tude. 


Jan.  15, 1888. 

Mar.  28, 1889. 
Dec.  30, 1889. 


.  30.0 

29.6 
29.6 


45 
47 

47 
47 

48 
47 

48 

"47" 
46 
50 

46 

47 
43 


Lorifiri- 
tude. 


74 
72 
72 
(?9 
68 
72 
73 

73' 

72 

70 

75 

72 
69 


P.'®***  [from  low. 


In. 
30.7 
30.3 
30.8 
30.6 
30.6 
30.6 
30.4 
30.3 
30.1 
30.3 
30.4 
30.4 

30.9 

30.3 
30.6 


8W. 
SW. 
SW. 
SW. 
SW. 
SW. 
SW, 
SW. 
SW. 
SW. 
SW. 
SW. 

SW. 

SW. 
SW. 


Distance, 
higrbto 
to  low. 


Miles. 
1,000 

900 
1.100 
1,000 
1,000 
1,000 
1,500 
1,600 
1,200 

900 
1,800 

600 

900 

1,000 
1,200 


-20 
-20 
-20 
10 
-10 
-10 

0 

-30 

30 

-20 

0 
30 
-40 
-30 
20 
-20 


60  NW. 
40  NW. 
60  NW. 
50  NW. 
60  NW. 
50  N. 
60  NW. 
50  NW. 
60  NW. 
50  NW. 
60  NW. 
60  NW. 
40  NW. 
60  NW. 
50  NW. 
40  NW. 


I>i». 
tance. 


Miles. 

1,000 

1,000 

1,000 

1,000 

1,400 

1,000 

600 
1,600 

600 
1,300 
1,100 

400 
1,000 

700 

700 
1,000 


fLXX. — Quebec  low;  high  to  the  northwest;  rounded  end  pointing  southeast.    Type  October  22, 

1884.    Number  of  oases,  2.] 


Oct.  22,1884..:  29.6 
Feb.    1, 1886_-    29.8 


47 


/5 


30.4 
30.4 


W. 


1,  000  I      20  to  50  NW^.         800 


—30       20 


[LXXL — Quebec  and  Nova  Scotia  low ;  open  east;  rounded  projection  extending  west  to  Missls- 

'  sippi  River.    Type  March  25.  1881.    Number  of  cases,  4.] 


Mar.  25,1881..:  29.4 
Dec.  21,1887..!  29.6 
Feb.  3,1889.-'  29.4 
Nov.  14, 1889-.    29.4 


t 


43 
50 
44 


70 
66 
65 


30.2 
30.7 
30.7 
30.0 


W. 
SW. 

W. 
SW. 


1,500 

2,200 

700 


20  to  50  N.  500 

-.30       50  NW.     1,700 

-20       30  N.      I       400 

40       50  ' 


[LXXII.— New  England  low;   narrow;  extending  down  the  coast;  pointed  southwest;  high  to 

the  southwest.    Type  January  14, 1881.    Number  of  cases.  5.] 


Jan.  14, 1881 _ . 
Mar.  20,  188:5-. 
Feb.  1,1884-- 
Jan.  26,1887-. 
Nov.  28, 1887., 


29.7 
29.6 
29.  5 
29.8 
30.0 


34 
44 

45 


76 
70 

71 


30.4 
30.0 
30.1 
30.5 
30.6 


W. 

W. 
SW. 
SW. 
SW. 


700 

500  I 
600  I 
1,200 
700 


-20  to  50  NW.  700 
0  60  NW.  700 
0       50  NW.  I       700 

-20       50  NW.  I  1,300 


—20       50  NW. 


1,200 


11945  STi 
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Table  VI. — Desceiption  of  Types  of  M^p  According  to  Isobabs  on  Days  Pbk- 

CEDING  CoLT>  WAVES,  ETC. — Cotitinaed. 

[LXXIII. — New  England  low;   narrow;  extending  down  tlie  coast;  pointed  flouthwest;  high  to 

the  northwest.    Typ<!  February  21, 1881.    Number  of  cases,  3.] 


Bate. 


I 


T/Ow 
press- 
ure. 


lati- 
tude. 


Jao.  12, 1880. 
Feb.  23,1881. 
Dec.  15, 1886. 


I 


Jn. 
30.1 
29.6 
29.7 


IjODgi' 

tude. 


High 
press- 
ure. 


Position 
from  low. 


In. 
30.6 
30.5 
30.4 


W. 
W. 
W. 


1,100 
800 


Temperatures. 


—30  to  30  NW. 

0       40  N. 
—10       40  NW. 


Dts- 
taooe. 


Miles. 
800 
600 
900 


[LXXIV. — New  England  low;  -cup-shaped:  extensive;    open  north;  high  to  the  soothwest  or 

northwest.    Type  January  17, 1885.    Number  of  cases,  7.] 


Feb.  3,  1882.. 
Jan.  21,  1883- J 
Mar.  2,  1883..! 
Mar.  15,  1883.. 
Jan.  17,  1885- 
Oct.  15,  1886- - 
Dec.    2,  1886- 


29.6 
29.3 
29.8 
29.2 
29.3 
29.  5 
29.5 


48 
47 
47 
49 
44 
47 
46 


69 
73 
68 
69 
72 
71 
69 


30.2 
30.4 
30.7 
30.6 
30.9 
30.5 
30.8 


sw. 

500 

0  to  30  NW. 

300 

sw. 

900 

—20 

50  NW. 

900 

w. 

1,500 

0 

SON. 

900 

w. 

1,300 

0 

SON. 

l,O0C 

NW. 

—30 

60  NW. 

1,500 

W. 

1,100 

20 

60  NW. 

1,100 

W. 

1,100 

-30 

60  N. 

1,200 

[LXXV.— New  England  low;  cup-shaped;   open  southeast;  high  to  the  northwest.    Type  Feb- 
ruary 26, 1886.    Number  of  oases,  4.] 


Jan.  21,  1880. 
Mar.24,  1880- 
Feb.26,  1886- 
Mar.l2,  1888. 


29.6 
29.5 
29.1 
29.5 

40 
45 
44 
43 

97 
68 
71 
71 

1 

30.5 
30.4 
30.6 

W. 

NW. 

W. 

700 
900 
700 

Oto50 
0      40  N. 
0      30  NW. 
0      SON. 


600 
500 
600 


[LXXVI.— New  England  low;  cup-shaped  or  triangular;  open  southeast;  high  to  the  southwest 

Type  October  31, 1880.    Number  of  cases,  7.] 


Feb. 

Oct. 

Feb. 

Nov. 

Nov. 

Feb. 

Jan. 


14,1880. 

31, 1880. 

19,1881. 

9,1885. 

19. 1885. 

20. 1886. 
18, 1888. 


29.5 

44 

68 

30.1 

SW. 

800 

29.3 

43 

71 

30.3 

W. 

1,000 

29.8 

30.3 

W. 

600 

29.7 

45 

68 

30.1 

W. 

600 

29.6 

44 

70 

80.2 

W. 

900 

29.8 

50 

70 

30.4 

SW. 

29.7 

44 

70 

31.0 

W. 

1,900 

-10  to  60  NW. 

30  60  NW. 

0  60NW. 

40  60  NW. 

20  50  NW. 

-10  30  E. 

-10  60  NW. 


1,400 
1,000 
700 
300 
800 
500 
900 


[LXXVII.— New  England  low;  oblong;   northeast  to  southwest;    isobars  inclosed;   high  to  the 

northwest.    Type  January  6, 1886.    Number  of  oases,  8.] 


Oct.  14,1883—    29.8 


Oct  20,1883- 
Jan.    6, 1886.- 


30.1 
29.5 


47 


45 


69 


68 


30.3 
30.6 
30.5 


W. 
W. 
W. 


600 
400 
900 


40  to  60 
-30  60 
-20      30  W. 


1,000 
1,000 
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Tablb  VI. — Description  of  Types  of  Map  According  to  Isobajis  on  Days  Pee- 

CEDiNO  Cold  Waves,  etc.— Continued. 

[LXXVIIJ.— Kew  England  and  Oulf  St.  Lawrence  low ;  isobars  north  wetit  to  southeast;  hiffhtothe 
northwest  and  southwest  and  very  extensive,  with  broad  front;  toobam  of  hiffh  roanded  and 
pointing  southeast.    Type  January  28, 1886.    Number  of  cases,  18. 


Date. 

rx>w 

press- 
ure. 

Lati- 
tude. 

o 

Longi- 
tude. 

High 
press- 
ure. 

Position 
from  low. 

Distfinoe, 

hiichto 

low. 

Temperatures. 

I>l». 
tance. 

Jan.  28,  1880.. 

In. 
29.7 
29.5 
29.6 
29.4 
29.8 
29.6 
29.2 
29.4 
29.4 
29.5 
29.3 
29.5 
30.0 
29.3 
29.6 
29.5 
29.7 
29.7 

0 

In, 
30.7 
30.8 
30.4 
30.6 
30.8 
30.4 
30.8 
30.7 
30.8 
30.7 
30.5 
30.5 
30.5 
30.3 
30.6 
30.4 
30.9 
31.1 

w. 

w. 

sw. 

8W. 
W. 
W. 

SW. 
W. 

w. 
w. 
w, 
sw. 
w. 

Miles. 
1,300 
1,300 
1,500 
1,000 
1,600 
1,000 
1,600 
1,200 
1,400 
1,200 
1,600 
800 
900 

0             0 

— 20to40NW. 
—30      60  NW. 
—10      60  N  W. 
—20      60  NW. 
—10      60  N. 
—20      60  NW. 
0      70  NW. 
—10      20  NW. 
—40      60  NW. 
—30      30  N. 
—10      60  NE. 
—30      40  NW, 

20      60  NW. 
0      50  W. 

10      30 
—50      30 
—30      60  N. 
—60      40  NW. 

MiUfi. 
800 

Feb.  19,  1880- . 

1  300 

Dec    2,  1880- 
Jan.  2».  1882. . 
Dec    6,1882-. 
Dec  14,  1882.- 
Dec.  14,  1883- 
Dec  22,  1883- 
Jan.    1,  1885- 
Mar.  16,  1885- 
Mar.  19,  1885- 
Jan.  23,  1886— 

_  _ 

1  200 

47 
47 
45 
49 

""47 
45 

71 
71 
69 
69 

"'67' 
63 

1,600 
1,300 
1,200 
1,300 

1.366 

700 

1,000 

1,000 

700 

500 

Nov.    6,  1886- 
Dec  25,  1886.. 

40 
60 

79 
64 

• 

Feb.    3,  1888— 

t 

•     «M^^H*ab^aa 

Feb.    9,  1888- 

Mar.^U,  1888.. 

"w.""' 

"1,766" 

1,600 
1.400 

Feb.  23,  1889.- 

LXXCL^New  Bngrland  and  Qui  f  St.  Lawrence  low ;  isobars  northwest  to  southeast ;  hiffh  to  the 
northwest  and  southwest;  very  extensive;  with  broad  front;  isobaraof  hiffh  rounded  and  point- 
ing southwest ;  similar  to  LXXVIII.    Type  February  4, 1887.    Number  of  oas^,  Ift.] 


Oct  4. 
Feb.  17, 
Dec  15, 
Mar.  7, 

Jan.  14, 

Nov.  17, 
Mar.  10, 
Dec.  24, 
Dec  4, 
Feb.  4, 
Mar.  3, 
Mar.  14, 
Oct  11, 
Feb.  15, 
Not.  20, 


1881- 
1882- 
1882.. 
1883- 

1884 1 

1884- 
1885- 
1885- 
1886.- 
1887- 
1887*. 
1887.- 
1887- 
1888- 
1888- 


29.6 
29.7 
29.2 
29.5 
29.5 
29.9 
29.8 
29.4 
29.6 
30.0 
29.6 
30.0 
29.3 
29.6 
29.9 
29.6 


46 
50 


47 
32 
45 
45 


36 


47 


66 
62 


67? 
94) 
72 
67 


95 


61 


30.6 
30.9 
30.8 
30.6 

30.5 

30.5 
30.6 
30.5 
30.9 
31.0 
30.7 
30.6 
30.6 
31.0 
30.7 


{ 


W. 

w. 
w. 
sw. 
w. 

N. 

w. 


sw. 
sw. 
w. 

N. 

w. 
w. 
w. 
w. 


1,200 
1,400 
1,000 
1,100? 
1,200$ 
800 


1.600 

1,400 

1,400 

700 

1,000 

1,400 

900 

900 


30  to  70  N. 
—20      50  NW. 


-30 
—20 


10 

—10 

10 

—30 

—40 

0 

0 

30 

—20 

0 


60  N. 
60  NW. 


—30      50  N. 


50  N. 
40  NW. 
50  NW. 
60  N. 
30 

50  N. 
50  NW. 
70  NW. 
40  NW. 
50  N. 


460 

800 

1,400 

1,200 

1,300 

1,000 

800 

1,000 

1,200 


800 

1,200 

1,000 

700 

900 


•See  Type  X. 


a 


.—New  Bngland  and  Oulf  St.  Lawrence  low ;  isobars  northwest  to  southeast:  hiffh  to  the 
northwest  and  small.    Type  March  17, 188&    Number  of  oases,  4.] 


Mar.  10, 1880.. 
Mar.  26,1886.. 
Mar.  16, 1888.. 
Mac  17, 1888.. 


29.9 
29.5 
29.5 
29.3 


30.2 
:W.4 
30.3 
30.2 


—30  to  40  N. 

0      40 
—10      40  NW. 

0      40  NW. 


900 


800 
600 
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Table  VI. — ^Description  of  Types  of  Map  Acoobdino  to  Isobabs  on  Days  Pbb- 

CEDING  Cold  Waves,  etc.— Continaed. 

(LXXXL— Gulf  St.  Lawrence  low;  high  to  the  southwest.    Type  NoTember  12, 1883.    Number  of  « 

14.  J 


D»te. 

Low 
press- 
ure. 

Lati- 
tude. 

LoDgri- 

tude. 

Hiffh 
press- 
ure. 

/ft. 
30.3 
30.4 
30.4 
30.5 
30.7 
30.7 
30.5 
30.4 
30.4 
30.4 
30.6 
30.2 
30.4 
30.4 

Position 
from  low. 

Distance, 

biffhto 

low. 

Temperatures. 

Dis- 
tanoe. 

Jan.    2,  1880-. 

In. 
29.4 
29.5 
29.2 
29.9 
29.3 
29.0 
30.0 
29.3 
29.2 
29.3 
28.9 
29.1 
29.2 
29.7 

0 

0 

SW. 
SW. 
SW. 

SW. 
SW. 
SW. 
SW. 
SW. 
SW. 
SW. 
SW. 
SW. 
SW. 
SW. 

Miles. 

""'506 
1,500 
800 
1,200 
1,300 
1.400 
1,400 
1,300 
1,000 
2,000 
1,000 
1,100 
1,300 

0            0 

10  to  60  N. 
0      30  NW. 
—40      30  NW. 

20      50  NW. 
-^      60  NW. 

20      60  NW. 

40      60  NW. 
—10      50  NW. 

10      40  NW. 
0      30  N. 
—30      SON. 

10      40  NW. 

10      40  NW. 
—20      50  NW. 

Miles. 
900 

Feb,    9,  1880-. 

400 

Dec  28,  1880- 
Dec.  15,  1881- 
Jan.  22,  1882.. 
Nov.  12, 1883-. 
Dec.    9,  1883-^ 

47 
47 
47 
50 

61 
65 
69 
67 

1,200 
800 

1,400 
700 

Nov.  24, 1884- 
Jan.  10,  1885- 
Doc  20, 1885- 
Jan.  18,  1887__ 

50 

68 

1,000 
400 
500 
700 

Jan.  21,  1887— 

300 

Feb.    9,  1887- 
Dec.  13,^1889- 

-- ---- 

400 
700 

[LXXXII.— Gulf  of  St.  Lawrence  low ;  very  extensive;  reaching  west  to  lakes ;  'htgtf  to  the  north* 
west ;  extending  southeast.    Type  November  18, 1883.    Number  of  oases,  lOi] 


Jan;  14, 
Feb.  8, 
Feb.  9, 
Mar.  11, 
Nov.  13, 
Jan.  4, 
Dec.  16, 
Dec  6. 
Dec  3, 
Dec.  14, 


1883. 
1883. 
1883. 
1883. 
1883. 
1884. 
1884. 
1885. 
1886. 
1886. 


29.5 
29.7 
29.7 
28.9 
28.8 
29.2 
29.2 
28.9 
29.0 
29.2 


30.3 
30.4 
30.6 
30.4 
30.7 
30.4 
30.4 
30.2 
30.9 
30.6 


SW. 
SW. 
SW. 

w. 
w. 
w. 
w. 
w. 
w. 
w. 


900 
1,000 
1,100 


1,600 

i,'6bo 


1,600 


—30  to  40  NW. 
—10      10 

—20      30  N. 


0 
-40 
-20 
-20 
-30 
-10 


SOS. 
40  S. 
30  NW. 
30  N. 
60  N. 
40  N. 


1,300 
"900 


500 
1,100 
1,100 

800 
1,200 

600 


[LXXXIIL— New  York  State  low;  Ions:  from  west  to  east;   isobars  wide  apart  in  southeast; 
high  to  the  northwest.    Type  November  28, 1880.    Number  of  oases,  7.] 


Mar.   5,1880.. 

29.3 

43 

79 

30.1 

S. 

700 

— lOtoOONW. 

700 

Jan.    6,1881— 

29.6 

44 

77 

30.3 

NW. 

800 

—20 

30  NW. 

800 

Nov.  19, 1881.. 

29.8 

43 

76 

30.6 

W. 

1,600 

—10 

60  NW. 

1,000 

Dec   5,  1885.. 

29.2 

44 

78 

30.3 

SW. 

700 

—10 

40  NW. 

700 

Mar.  28, 1887.. 

29.6 

43 

76 

30.6 

NW. 

700 

—20 

40  NW. 

1*100 

Dec.  n.  1887- 

29.9 

42 

78 

30.5 

NW. 

600 

—20 

40  NW. 

700 

Nov.28,1889- 

29.5 

43 

74 

30.8 

NW. 

1,000 

—20 

50  N. 

1,200 

[LXXXIV.— New  York  State  low;  open  northeast;  rounded  end  southwest;  high  to  northwests 

Type  December  21, 1888.    Number  of  cases,  1.] 


Dec  21, 1888. . 


29.7 


45 


74 


30.5 


W. 


600 


Oto30NW. 


800 
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Table  VI. — ^Dkscbiftioit  of  Types  of  Map  AccoBDiNt}  to  Isobabs  on  Days  Pbu- 

CBDiNG  Cold  Waves,  etc.-— Contiiined. 

•  [LXXXV.^Virgliii*  ooAst'low  ;>  extandins  northwest  to  southeast ;  high  to  the  northwest.    Type. 

February  28, 1884.    Number  of  cases,  8.] 


Date. 

Low 
press- 
ure. 

Lati- 
tude. 

Longi- 
tude. 

o 

76 

76 
75 

High 
press- 
ure. 

Position 
from  low. 

Dlstonoe. 

high  to 

low. 

Temperatures. 

Dis- 
tance. 

Feb.  23,1884.. 
Feb.  28, 1884 .. 
Feb.  18, 1885.  _ 

Jn. 
29.6 
29.2 
29.8 

o 

38 

38 
38 

In. 
30.6 
30.5 
30.7 

NW. 
NW. 
NW. 

Miles. 
1,200 
1,300 
1,600 

o              o 

—10  to  50  NW. 
—30      60  NW. 
—20      40  N. 

Miles. 
1,400 
1.400 
i;200 

[LXXXVI.— Virginia eoast  low ;  rounded;  symmetrical  isobars.    Type  January  88, 1885.    Number 

of  cases,  5.] 


Mar.  30, 1881.. 
Jan.  9,1884.. 
Jan.  28, 1885.. 
Nov.  13, 1886. . 
Dec.  20, 1887.. 


29.2 
29.2 
29.6 
29.5 
29.2 

38 
43 
39 
40 

48 

76     30.2 

1 

74 
76 
74 
67 

30.4 
30.4 

W. 
SW. 

600 
900 

\ 

20  to  50  N. 
20      40  W. 
30      60  NW. 
20      50  NW. 


600 

200 

1,000 

1,000 


[LXXXVIL— Virginia ooasc  low;  very  wide;  open  to  the  ocean ;  extennive  high  to  the  northwest. 

Type  January  1 ,  1887.    Number  of  oases,  7.  ] 


Jan. 

Nov. 

Jan. 

Jan. 

Mar. 


26,1880. 
23, 1881 . 
19, 1884. 
23.1885. 

1,1887. 

6,1887. 
26,1889. 


29.6 

36 

76 

30.4 

NW. 

1,300 

29.5 

13 

72 

30.5 

W. 

1,300 

29.7 

37 

76 

30.6 

NW. 

1,000 

29.6 

37 

76 

30.3 

NW. 

800 

29.6 

39 

72 

30.8 

NW. 

1,100 

29.8 

41 

72 

30.6 

W. 

1,300 

29.6 

35 

76 

30.0 

—10  to  30  NW. 
10       40  NW. 


—10 

40 

—40 

—40 

20 


40  NW. 
60  NW. 
50  NW. 
20  NW. 
50. 


700 
800 
600 
400 
1,200 
800 


[LXXX VIII. —Georgia,  South  Carolina  low;  extensive  high  to  the  northwest    Type  December 

18,  1884.    Number  of  cases.  13.] 


Jan. 


Mar. 
Jan. 
Feb. 


Jan. 
Dea 
Mar. 
Not. 


Nov. 


13.1880. 
29,1880. 

26. 1881. 
1,1882. 
4, 1882. 

30. 1882. 
5,1884. 

18,1884. 
22, 1885. 
26,1886. 
6,1886. 
17, 1887. 
17, 1889. 


30.5 

NW. 

400 

30.6 

30.4 

NW. 

1,000 

30.3 

W. 

600 

30.2 

W. 

700 

30.8 

NW. 

1,300 

30.8 

NW. 

800 

30.7 

NW. 

1,100 

30.7 

NW. 

1,400 

30.3 

SW. 

800 

30.6 

NW. 

700 

30.5 

SW. 

600 

-20  to 

-10 

20 

20 

40 

0 
-20 
-40 
-10 

0 
10 
40 
40 


60  NW. 
50  NW. 
60  N. 
50  NW. 
60  NW. 
40  NW. 
40  NW. 
60  NW. 
60  N. 
60  NW. 
50  NW. 
60. 
60N\y. 


1,400 

700 

700 

600 

300 

1,400 

600 

1,600 

1,000 

1,100 

700 


118  REPORT  OT  THE   CHIEF   SIGNAL  OFFICER. 

In  the  aboTe  descriptions  the  direction  given  is  that  in  which  the  teihperatnre 
diminishes. 

The  specimen  weather-maps  of  the  varions  types  are  given  at  the  end  of  this  paper. 

On  the  accompany  ing  chart  is  shown  the  number  ol  low  centers  of  barometric  pressure 
that  have  occurred  in  the  varions  5°  areas  in  latitude  and  longitude,  in  ten  years  past* 
and  also  their  generalization  by  lines  joining  points  of  equal  frequency  oi  occurrence. 
The  lines  are  in  a  measure  also  representative  of  the  relative  frequency  in  the  different 
parts  of  the  country  of  twenty-four-hour  falls  in  temperature  of  20°  or  more. 

From  these  types  it  appears,  for  instance,  that  with  a  low  in  New  England  and  a  great 
high  to  the  southwest,  the  20°  fall  area  is  crescent-shaped.  When  the  area  of  low  press- 
ure is  notperlectly  symmetrical,  but  is  curved  or  crescent-shaped,  as  in  the  case  of  Type 
XXII,  March  11, 1884,  the  20°  fall  cirea  is  alwayssimilarly  curved.  Type  XXXI, which 
is  a  highly  important  one,  shows  the  power  of  a  great  area  of  high  pressure  to  distort, 
as  it  were,  a  low  pressure  area. 

There  are  in  all  eighty-eight  types  of  maps. 

The  number  of  cases  in  the  different  types  vary.  Type  XXXVI,  for  instance,  a 
V-shaped  low  in  the  vicinity  of  Lake  Superior  with  a  high  to  the  northwest,  has  22  cases, 
while  XLVIII,  a  low  in  Michigan  with  high  to  the  southwest,  ite  long  axis  pointing 
southeast,  has  only  a  single  case. 

A  slight  inspection  of  the  weather  maps  of  the  day  preceding  the  occurrence  of  cold 
waves  will  show  that  the  extent  of  the  temperature  iall  and  its  magnitude  is  dependent 
on  the  extent  of  the  low  and  high  areas  of  pressure.  The  greater  the  area  of  country 
covered  by  the  low  pressure  and  the  greater  its  depth,  the  greater  will  be  the  extent  of 
temperature  fall.  But  the  extent  of  temperature  fall  is  also  found  to  depend  materially 
on  tne  density  or  frequency  of  the  isothermal  lines  in  the  region  covered  by  the  high  and 
low  areas  of  pressure. 

There  is  always  some  slight  diminution  of  temperature  in  going  from  the  Ohio  Valley, 
for  instance,  towards  the  northwest.  No  matter  how  slight  this  temperature  gradient 
may  be,. if  there  is  a  low  area  of  barometer,  it  is  apt  to  be  followed  by  a  Iall  of  temper- 
ature. But  without  some  areaof  low  pressure  or  a  very  great  area  ot  high  pressure  back 
of  the  crowded  isothermal  lines,  no  matter  how  close  the  lines  may  be,  and  they  are  not 
apt  to  be  very  close  under  such  circumstances,  there  will  not  follow  any  fall  of  tempera- 
ture. It  often  happens  that  there  is  a  crowded  condition  of  the  isotherms,  with  only  a 
slight  elevation  of  pressure,  30. 3  to  30.4  inches,  extending  over  a  considerable  areaof 
country  and  yet  there  follows  no  fall  of  temperature.  This  seems  to  indicate  that  Uiere 
is  some  considerable  part  of  every  high  area  of  pressure  and  even  the  whole  of  some  of 
the  areas  that  is  merely  the  result  of  the  low  temperature,  and  not  its  cause.  There 
seems  to  be  some  condition  of  gradient  of  temperature  corresponding  with  slight  increase 
of  pressure  when  the  air  is  nevertheless  in  a  condition  of  equilibrium  or  no  tendency  to 
motion  as  a  whole,  and  no  falls  of  temperature  ensue  to  the  southeast  of  the  high  area 
of  pressure.  A  condition  of  this  kind  occasionally  lasts  for  some  time,  as  on  January  4 
and  5^  1890. 

An  extensive  low  area  of  pressure  in  Colorado  and  thereabout  ia  connected  in  some 
way  that  is  not  understood  with  the  tarrying  of  these  areas  of  high  pressure  to  the  north- 
east of  them,  in  Nebraska,  Dakota,  and  Minnesota. 

Table  VII  shows  in  a  number  of  instances  of  cold-waves  the  magnitude  of  the  fall  of 
temperature  and  the  extent  of  fall  dependent  on  the  magnitude  and  the  extent  of  the 
pressure  and  temperature  gradients. 

The  first  column  contains  the  date  of  the  occurrence  of  the  lower  temperature;  the 
second  contains  the  place  of  greatest  fall;  the  third,  the  temperature  betore  the  fall, 
where  greatest;  the  fourth,  the  fall  of  temperature;  the  fifth,  the  temperature  gradient 
or  diminution  of  temperature  in  a  distance  of  500  miles;  thesixth,  the  width  of  area  over 
which  the  contrastof  temperature  extends;  the  seventh,  the  pressure  gradient  or  increase 
of  pressure  in  a  distance  of  500  miles;  the  eighth,  the  highest  and  lowest  isobar  and  the 
shortest  distance  between  them;  the  ninth,  the  extent  of  cold  wave  within  the  20°  fall 
line,  the  unit  of  extent  being  a  fall  of  20°  over  an  area  of  50,000  square  miles. 

There  are  two  maps  in  ten  years  on  which  the  maxim utp  temperature  in  twenty-four 
hours  was  60°  or  greater  from  7  a.  m..  of  one  day  to  7  a.  m.  of  the  next.  This  com- 
prises all  of  the  60°  falls  on  the  morning  maps.  There  may  have  been  some  falls  of  60® 
on  the  afternoon  or  evening  maps  which  were  not  noticed,  as  these  maps  were  not  ex- 
amined exhaustively. 

There  are  16  maps  in  the  ten  years  where  the  maximum  falls  in  cold  waves  were  be- 
tween 50°  and  60°.    There  are  77  where  the  maximum  falls  are  between  40°  and  50°. 

The  cases  of  maximum  20°  and  30°  falls  being  very  nnmeroas,  about  sixty  of  each 
were  selected,  or  one  from  each  cold- wave  month  in  the  ten  years,  for  the  purpose  of 
comparing  pressors  and  temperature  gradients  on  them  with  temperature-falls  occur- 
ring the  next  day. 

Sixty  cases  were  also  selected  where  the  maximum  temperature-falls  were  between 
10°  and  20°.     These  are  not,  however,  classed  as  cH)ld  waves. 
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Table  VII. — Falls  of  Tsmperatubs  and  Pressubb  akd  Tbmpbratubb  Gra- 
dients OK  THE  Day  Preceding  Cold  Waves,  1880  to  1890. 


Date. 


Jan.  14, 
Feb.  17, 

Nov.  28, 

Dec.  24, 
Dec  1, 
Jan.  14, 
Jan.  18, 
Jan.  13, 
Jan.  12, 
Jan.  13, 
Feb.  n, 
Feb.  11, 
Feb.  14, 

Feb.    5, 

Mar.  18» 

Nov.  26, 
Jan.  26, 
Feb.  16, 

Nov.  19, 
Nov.  12, 
Nov.  23, 
Nov.  24, 
Nov.  23, 
Nov.  27, 
Dec.  27, 
Dec.  14, 
Dec.  15, 
Dec.  18, 
Dec.  27, 
Dec  .31, 
Dec  20, 
Dec  21, 
Dec  28, 
Dec  22, 

Dec.  29, 
Dec  30, 
Jan.  2, 
Jan.  6, 
Jan.  12, 
Jan.  13, 
Jan.  15, 
Jan.  17, 


884- 
883.- 


887 


{ 


884- 
886- 
881- 
884- 
885- 
887_ 
888- 
885- 
887- 
888- 


889 
883 


883 
889- 

882- 

881- 
882- 
884- 
884- 
886.. 
887- 
880- 
883- 
1883- 
883- 
883.. 
884- 
887- 
887- 
887- 
888- 
889- 
889- 
889- 
8^0.. 
880.- 
880- 
881- 
881- 
882-; 


Place. 


Moorhead,  Minn.. 

Keokak,  Iowa 

Cincinnati,  Ohio.. 
Loniaville,  Ky  --- 
Nashville,  Tenn  .  _ 

Denver,  Colo 

Bismarck,  N.  Dak 
Fort  Sill,  Ind.  T.- 
Winnipeg, Man  .. 
Rockliffe,  Ont  — . 
St.  Vincent,  Minn. 
Valentine,  Nebr  _  _ 
Cape  Henry,  Va  .  _ 

Lamar,  Mo 

Yankton,  S.  Dak  . 

--do 

Moorhead,  Minn.. 

FortBuford,N.Dak 

Moorhead,  Minn.. 

..-do 


—do 

Fort  Assinniboine, 
Mont. 

Denisoo,  Tex 

Fort  Elliott,  Tex . 
Kansas  City,  Mo. . 
Indianapolis,  Ind. 
Kansas  City,  Mo  _ 
Concordia,  Kans..! 
La  Crosse,  Wis  _ .. 
Moorhead,  Miun.. 
Parry  8onnd,  Ont. 
Bismarck,  N.  Dak. 
Des  Moines.  Iowa. 

Palestine,  Tex 

North  Platte,  Nebr 

St.  Lonis,  Mo 

Kansas  City,  Mo.. 

Kingston,  Ont 

St  Vincent,  Minn. 

—  .do. --. 

Chicago,  111 

St.  Vincent,  Minn. 

—do 

Madison,  Wis 

Cheyenne,  Wyo 

Barlington,  Vt 

Denisoo,  Tex 


s 


o 
I 

a 
I 


O- 


I 


a 


2s 

■a  bc 

^  a 


a 


37:— 63 
60—601 
64—56 
68—58 
66—54 
48—50 
35—52 
57;~50i 
281—51' 
33—54! 


W.       54 


2 

bfi 

s 

3 
g 

Is 

a 

•*« 


S  a 


s 

0 

s 


Mileif. 


650 


NW.  78 
NW.  63 
NE.     56 


500 


.2 


OS 


8 

O 

a 
9 

^-» 


Inch,    Miles,  I 
W.        0.38  |1,  200! 
NW.    0.63  '     800. 
W.       0.  67  !     600  - 


N. 


50 


W.       47 


20 
30 
64 
63 
40 


52| 
—50' 
—50 
—54 
—50 
44  —50 
18— 54; 
431—50 


NW.  43 
NW.  61 
N.        50 


N. 


58 


-51 


38—52 
24,-50 
41—53 


7(^  —  42 

63—46, 

52!— 40. 

56—44 

61!— 41 

32—42 

25—40 

33—40 

35—48 

39—49 

37I— 45 

64—41 

30—48 


NW.    46 


800   NE.  0.70 

NW.  0.50 

1,000!  NW.  0.50 
1  SW.  0.57 

7501  W.  0.78 

SW.  0. 45 


400 
400 


1,100 
600 
500 


500 


600 


NW. 

NW. 
NW. 
NW. 
NW. 
NW. 
NW. 


37 
65 
37 
48 
43 
45 
37 


NW.    37 


42 
32 


32—40 


34 
24 
60 
31 


—42 
—42 


—42 
— 44 
—44 
—41 
25—44 
5li— 41 
38—41 
37—45 
60' — 44 


N. 

NW. 

NW. 

NW. 

NW. 

W. 


72 
62 
37 
56 
86 
25 


1,000 
450 
700 
600 
600 
800 
500 


700 


SW.  0. 64 
N.  0. 73 
N.   0.50 


NW.  0.79 
SW.  0. 50 


W.   0.50 
NW.  0.75 


NW. 
NW. 


25 
67 


500 
500 
600' 
450i 
300 
650 


600 
600 


NW.  61 


NW. 
NW. 
NW. 
NW. 

N. 

N. 

NW. 

W. 

W. 

SW. 

N. 

N. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 


0.37 
0.37 
0.50 
0.83 
0.86 
0.45 
0.36 
0.48 
0.54 
0.60 
0.50 
0.34 
6.66 
0.60 
0.55 
0.58 
0.50 
0.43 
0.60 


700 
900 
1,000 


1,100 
550 
400 


700 
800 


400.-.. 
6OOI  — , 


1,050 

1,050 
600 
600 
500 

1,000 
550 
900 

1,300 
750 
600 

1,300 
600 
950 
460 
700 
400 
800 
600 


600  NW.  0.66 


650 


NW.  47  I  700  SW.  0.36  1,1 0<) 
NW.  58  I  450,  NW.  0. 67  .  450 


14.9 
12.9 
14.2 
20.7 
12.6 
28.5 
19.4 

28.2 

i2."2 
4.3 

20.2 
9.2 

16.2 
3.4 

i5.'7 
21.1 


22.4 


23.0 
32.6 
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Table  VII. — Falls  of  Tkmpekatuke  and  Presbitrk  and  Temperatitbe  Gba- 
DIENTS  ON  THE  DAY  Preukding  Cold  Waves,  1880  TO  1890 — Continued. 


Bate. 


f 


Jan.  20,  1883 1 


Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan* 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Mar. 


19,  1884 

23,  1884. 
1.  1885. 

12,  1885. 

17,  1886. 

18,  1885. 

6,  1886. 

7,  1886. 
18,  1886. 

13,  1887. 

17,  1887. 

18,  1887. 
21,  1887- 
27,  1887. 

30,  1887. 

31,  1887. 

1,  1888. 

8,  1888. 

15,  1888. 

20,  1888. 
29,  1880. 

24,  1881. 
18,  1882. 

4,  1883. 

16,  1883. 
15,  1884- 

9,  1880. 
20,  1884. 
27,  1884. 

2,  1885. 
10,  1885- 
17, 1885- 

25,  1886_ 

26,  1886- 

1,  1887. 
4,  1887. 

10,  1887- 

12,  1887- 

25,  1887- 

7,  1888. 

15,  1888. 

16,  18a8- 

25,  ias8. 

6.  1889. 
23,  1889. 

2,  1887. 


Place. 


• 

e 

a 

o 

.a 

•^ 

^ 

©I 

u 

•«a 

B 

a 

g     ^ 

K 

ja 

a 

1-^ 

0)       es 

H     Pn 

• 

s. 


■I 


La  Crosse,  "Wis  - . . 
Corpns^  ChristijTex 

Omaba,  Nebr 

Fort  Buford.N.  Dak 

Alpena,  Mich 

Daluth,  Minn 

Montgomery,  Ala. 

Norfolk,  Va 

Rockliffe,  Ont 

Cheyenne,  Wyo 

Rockliffe,  Ont 

Parry  Sonnd.  Ont. 

Lamar,  Mo 

Chattanooga,  Tonn 

I^a  Crosse,  ^is 

Eastport,  Me 

Yankton,  S.  Dak.. 
Parry  Sound,  Ont. 

Palestine,  Tex 

.-..do 

..-.do 


25  — 40l 
67—45 
37—411 


i 

£ 

0 
g 

aS 


23 

48 
26 
68 
70 
38 
23 
28 
20 


NW. 

N. 
N. 


s 


-49 

s 

I 


Miles. 
45  I    700 
54       600 
50       600 


—45 
—43 
—47 
—46 
—45 
—45 
-^6 
—43 
—49 


53—42 


58 
37 
34 
30 


—40 
-401 


4 


Cheyenne,  Wyo... 

»St.  Lonis,  Mo 

Quebec,  Quebec 

Eastport.  Me 

Sbreveport,  JjA ■ 

Moorhead,  Minn.-i 

Rockliffe,  Ont 

St.  Paul,  Minn  .-. 
Davenport,  Iowa.. 
Moorhead,  Minn-. 
Parry  Sonnd,  Ont. 
Nashville,  Tenn  .. 

Toronto,  Ont 

Bismarck,  N.  Dak. 
Parry  Sound,  Ont. 
Fort  Elliott,  Tex  . 

Palestine,  Tex 

Rapid  City,  S.  Dak. 
Columbus,  Ohio.- 

Rockliffe,  Ont 

Huron,  S.  Dak 

Kingston,  Ont 

Boston,  Mass 

Moorhead,  Minn-. 

Toronto,  Ont 

Erie,  Pa- 

Fort  Buford,  N.  D. 


64 
68 
48 
34 
62 


—40 
42 
30—46 
—40 

—48! 
—44 

—42 
28—48 
41—43 
681—42 
30—42 
22 
30 
45 
26 
10 
62 
29 
37 
33 
45 
67 
36—43 


3 

—40 
—42 
—46 
—43 
—44 
—40 
—43 
—40 
—40 
—42 


NW. 

NW. 

NW. 

NW. 

W. 

N. 

W. 

W. 

NW. 

NW. 

NW. 

W. 

N. 

NW. 

N. 

NW. 

NW. 

NE. 

NW. 


800 
400 
1,400 


55 
49 
35 
36   1,400 

24  |i,ooo; 

41  <    500 

28  ii  ooo; 

34    "'- 

37 

49 

53  I 

50  ' 

60 

55 


NW. 

N. 

NW. 

NW. 

NW. 

W. 

NW. 

W. 

NW. 

N. 

NW. 


Inch, 
0.58 
0.40 
0.54 
0.40 
0.82 
0.37 
0.55 
0.64 
0.61 
0.42 
0.50 


49 
68 
49 
54 
54 


W. 

NW, 


40 
61 


W. 

NW. 

NW. 


26 
50 
52 


900 
900 
700 
500 
700 
600 
600 
650 
500 
650 
700 
650 


I  ^ 


NW. 
w. 

NW. 


0.50 
0.72 
0.58 


500 
900 


900 
500 
600 


63 
21 


—44 
—43 
30j— 48 
34—42 
38|— 40 
34—42 
36'— 46 


32 
45 


—40 

—49 


W. 

NW. 

NW. 

NW. 

W. 

N. 

N. 

N. 

NW. 

NW. 

N. 

NW. 

NW. 


W. 
W. 

NW. 

W. 

N. 

N. 

NW. 

W. 

w. 

NW. 


0.57 
0.55 
0.62 
0.42 
0.39 
0.50 
0.58 
0.52 
0.43 
0.50 


•*» 

s 

fC 

^u 

• 

•si 

n 

r2 

8 

o 

4^ 

E  o 

g 

CO 

p 

(3 

Sf»/es. 

700 
600 
660 


|l7.5 
'  21.0 


800 

800 

650 

1,400 


29.9 
24.6 
12.4 
13.5 


900i  11.4 


600 
900 


14.6 
6.4 


700  16.2 
900,  17.8 
6001     6. 6 


7oo; 

550' 
660 
700 
650 


26  1,000 
46  1,1001 
37       800 


60 
36 
44 
54 
45 
62 
38 
62 
47 
53 


NW. 

NW. 


44 
50 


300 
900 
850 
800 
600 
800 
800 
400 
750 
550 


900 
600 


i 


sw. 

NW. 

w. 

NW. 
NW. 

NW. 

sw. 

w. 

w. 

N. 
N. 
N. 
W. 

w. 
w. 
w. 
w. 
w. 

NW. 

W. 

W. 


0.34 
1.00 
1.00 
0.33 
0.50 
0.58 
0.38 
0.60 
0.93 
0.60 
0.50 
0.50 
0.80 
0.61 
0.32 
0.50 
0.55 
0.36 
0.67 
0.46 
0.60 


6001 
900' 
1,  500, 
700 


14.1 
8.0 
11.0 
14.7 
15.8 
6.1 
13.4 


10.3 


l,300i  10.4 
300  6. 8 
350  26.4 


1,050 

1,100 

600 

650' 

700 

750 

600 

500 

600: 

900 

600 

!l,000' 

,     900 

1,100 

900 

!l,200i 

i    700! 


8.7 
26.8 

7.3 
22.4 
17.8 
13.8 

9.5 
11.2 
29.4 
12.6 

4.7 
2.'i.5 
11.1 

6.7 

9.6 
19  8 
15.6 
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Tablk  VII. — Falij?  of  Tempbratttrk  and  Pressubb  and  Tkmperaturk  Gra- 
dients ON  riiE  Day  Preceding  Cold  Waves,  1880  to  1890 — Continaed.  ^ 


Date. 


Mar.  7, 
Mar.  13, 
Mar.  19, 
Mar.  20, 
Mar.  21, 
Oct  16, 
Oct.  8, 
Oct  21. 
Oct  20, 
Nov.  7. 
Nov.  18, 
Nov.  20, 
Nov.  14, 
Nov.  27. 
Nov.  25, 
Nov.  13, 
Nov.  18, 

Nov.  26, 

Nov.  20. 
Dec  6. 
Dec.  14, 

Dec    8, 

Dec  31, 
Dec  19, 
Dec    5, 

Dec  16, 

Dec  29, 
Dec.  25, 
Dec  25, 
Dec.  7, 
Dec  15. 
Jao.  10, 
Jan.  7, 
Jan.  14, 

Jan.  14, 

Jan.  19, 
Jan.  6. 
Jan.  25, 
Jan.    9, 

Jan.    2, 


1887. 

1887. 

1888. 

1888. 

1888. 

1880. 

1884. 

1886. 

1888. 

1880. 

1881. 

1881. 

1882 

1883. 

1884. 

1885. 

1886. 


-   Qn'Appe]1e,A88in. 

.|  Minnedosa.  Man.. 
Qu'Appelle.Aesin. 

Keokuk,  Iowa 

Bismarck.  N.  Dak. , 
Fort  Smith,  Ark..' 
Dodge  City,  Kana.! 
Marquette.  Mich . . 
Fbrt  Smith.  Ark-.j 
Montgomery,  AIa.j 
Kansas  City,  Mo.. 
Knorville,  Tenn.. 

Atlanta.  Ga 

Louisville,  Ky 

Eastport,  Me 

Fort  Smith,  Ark— 
New  Orleans,  La. . 


a 

e 

s 


i 

0 

O 

I 


-3  « 


27 
25 


i 

0 

s  , 

I" 

1=5 
"S 

fl 
M 


—43 
—42 
40—48 
66—40 


34 
71 
63 
66 


NW.    50 


600 


—40 
—33: 
—30 
— 30 
68—30 
67—31 
61 1 -36 
66—38 
64J— 33 
63—30 
Wi  —31 
-34 


1886- 

1887- 

1880..; 

1881_-i 

1882.. 

1883.. 

1884-. 
Ie85.. 

1886-. 

1887.- 

1888. 

1889- 


1882-.: 

1886--! 

1880..: 

1881.. 

1882.- 

1883?  1 

i8a3..- 

1884..; 

1885.- 

1886-; 

1887.J 


Charleston,  S.  C.- 
St Loui«,  Mo 

Louisville,  Ky 

St  Louis,  Mo 

Wilmington,  N.  C. 

Palestine,  Tex 

Wilmington,  N.  C- 
KansasCity,  Mo.. 

Pensacola,  Fla 

Wilmington,  N.  C. 
Des  Moines,  lowa. 

do 

North  Platte,  Nebr 

Omaha,  Nebr 

La  Crosse,  Wis 

do- 

Milwaukee,  Wis.. 

Dulnth,  Minn 

Shreveport,  La 

DodtfeCity,  Kans. 
Charlotte,  N.  C... 
Kansas  City,  Mo.  - 
Montgomery,  Ala 

Wilmington,  N.  C 


68 

74 

6^ 


NW. 
NW. 
NW. 
NW. 
NW. 
NW. 
NW. 
NW. 


—39: 
— 33i 


46-30 
60—38 
60—30 

50— 33! 

66|— 33 
631—35 
50—35 

64-30 


-1 


Jan.  14,1888..  Toledo,  Ohio 

Jan.  17, 1889- '  St  Paul,  Minn ... 


60—32 

52—32 

60.-34, 

.35—391 

42  —38 

49i— 31 

17,-30; 

35—35; 

161—38 

60—34 

22i— 38 

40—32 

31-31| 

47;— 39| 

69—34 

I  I 

40—36' 

381—321 


NW. 
NW. 

SNW. 
)NW. 

NW. 

NW. 

NW. 
SNW. 
^NW. 

NW. 

NW. 

NW. 
SNW. 
iNW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

W. 

NW. 

N. 

NW. 

NW. 

NW. 
5NW. 
)NW. 
W. 
JNW. 

NW. 


Miles, 

SW. 

w. 

NW. 
W. 
NW. 
NW. 

SW. 

NW. 
NW. 
NW. 
W. 

SW. 
SW. 
SW. 

36  600   W.  * 

42        H00|  NW. 
;?8       6007  Q«. 
20    l.tiOOi^^^' 
:«       550,  w. 
75       400  SW. 
50       700i  NW. 
44       500(^^ 
32  '1.150)^^- 
48  I     400|  NW. 

37  fl.OOOi  NW. 


36 
30 
48 
35 
53 
37 
31 
38 


600 
600 
400 
55(1 
600 
900 
700 
1,100 


s 

1 

.9 

25 

i 

dient 

lee. 

^1 

I 

«s 

•0 

ga 

1 

(m 

£ 

Sts 

e 

a 

e  fl 

stent 

5« 

.a 

ft. 

Q 

M 

|'|nw. 


30       750:  W. 
32       550' 
32   1,200 
40       900   SW. 

500  NW. 

900;  NW. 

800.  NW. 

600  W. 

450  NW. 

550  NW. 


50 
40 
28 
42 
66 
40 
41 
55 
70 
43 
50 
49 
53 
41 
31 
62 
46 
30 


650,  W. 

300;  W. 

500   NW. 
6OOI  N. 
600'  NW. 
8OO'  NW. 
600  W. 
600 
1,500 

80oi^^- 
650l 


Inch, 
0.46 
0.40 
0.40 
0.70 
0.40 
0.55 
0.38 
0.42 
0.50 
0.44 
0.33 
0.40 
0.38 
0.56 
0.50 
0.50 
0.76 

0.43 

0.77 
0.92 
0.32 

0.85 

0.29 
0.36 
0.86 

0.60 

0.92 
0.50 
0.76 
0.31 
0.62 
0.90 
0.46 
0.59 
0.85 
0.60 
0.58 
0.50 
0.50 
0.80 

W.       0.65 


J/t/es.! 
l,050i    9.8 

500'  13.1 
1,000 

600;    7.5 


400 
600: 
350* 
550, 
750 
850i 
HOO 
^00. 
I,  lOOi 
900 
700 


4.4 
4.1 
3.5 
7.2 
9.8 
6.3 
9.0 
14.8 

11.9 
12.4 


0.90 


700;    8. 6 

650j  5.1 
450|  U.2 
700;  11.5 

800|  23.6 

500     4.3 

1,150   11.6 

700   24. 1 

700;    8.0 

600^  21.  4 

500,  1.9 

400,  6. 8 

800  21.5 

800  21.8 

400  9.1 

6OO;  5. 3 

450  3.8 

700 ; 

400 
6OO;. 

800  5. 8 
500  8.1 
500|  12.  6 

1,000   13.4 


>• 


500 


18.3 
14.3 
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Table  VII.— Pali.9  op  Tkmpeeature  and  Prrssurb  and  TR>fPEBATiiBK  Gra- 
dients ON  THE  Day  Pbecbding  Cold  Waves,  1880  to  1890— Continaed. 


Jan.  29, 
Feb.  20, 
Feb.  14, 
Feb.  13, 

Feb.  21, 

Feb.  18, 
Feb.  14, 
Feb.  16, 
Feb.  16. 
Feb.  9, 
Feb.  26, 

Feb.  17, 

Mar.  8, 
Mar.  4, 
Mar.  21, 
Mar.  19, 

Mar.  12, 

Mar.  25, 
Mar.  14, 


1887.- 
1881.. 
1880. . 
1881-- 

1882- 

1883.- 

1884-. 
1885- . 
1886.. 

1887.. 
1888.. 

1889/ 

1880- 

1881- 
1882-- 
1883.. 


1884 


{ 


1885. 
1887- 


Mar.   3,  1888.. 

Mar.  16, 1889. 
Oct.  5,  188U 
Oct.  17,  1880  . 
Oct.  13,  1881 . 
Oct.  16,  1882  - 
Oct.  15,  1883 . 
Oct.  22,  1884  - 
Oct  4,  1885  . 
Oct.  16,  1886 . 
Oct  12,  r^H7. 
Oct  19,  1888. 
Oct  9,  1887. 
Nov.  .%  1888. 
Nov.  19,1880. 
Nov.  24, 1882. 
Nov.  6,1883. 
Not.  5,1884. 
Nov.  14, 1885. 
Nov.  14,1885- 
Nov.  13,1886. 
Nov.  23, 1887. 
Nov.  9,1888. 
Nov.  28, 1889. 
Nov.  12, 1889. 


Fort  Custer,  Mont. 

Norfolk,  Va 

ChattaDOOf^  Tenn. 
Lyncbburgh,  Va.. 

Memphia,  Tean — 

Wasbington  City.. 
CiDcinnati,  Ohio.. 

St  Liouis,  Mo 

Knox vi lie,  Tenn.. 

Alpena,  Mich 

Toledo,  Ohio 

St  Paal,  Minn... 

Springtield,  Mo 

Alpena,  Mich 

Chattanooga,  Tenn. 
Fort  Smith,  Ark.. 
Kansas  City,  Mo.. 
Fort  Smith,  Ark.. 
La  Crosse,  Wis... 
Parry  Soand,  Ont. 
Cincinnati,  Ohio.. 

St  Lonis,  Mo 

Springfield,  Mo... 
Pittsburgh,  Pa... 
Colnmbiis,  Ohio.. 
Kansas  City,  Mo— 
Yankton,  S.  Dak . 

Boston,  Mass 

Keokuk,  Iowa 

Detroit,  Mich 

Albany,  N.  Y 

Atlanta,  Ga 

Kansas  City,  Mo:. 
Des  Moines,  Iowa. 
Indianapolis,  Ind. 
New  York  City... 

Chicago,  111 

Kansas  City.  Mo. . 

Louisville,  Ky 

Washington  City . 

Atlanta,  Ga 

Chattanooga,  Tenn 
FortSnlly,S.Dak. 
Vicksbnrg,  Miss.. 

Mobile,  Ala 

Fort  Elliott,  lex  . 


e 

0 
O 


08 
P. 


u 
O 

S  w 


27—33 
65  —32 
66—30 
59—31 

66j— 30 

60,-30 
55—35 
40—39 
58—33 
461—38 
48—34 
2h'— 34 
56-^30 
34—30 
58—30 
66;— 30! 
53— .38; 
66—32 
40—31 
19—30 
54'— 30 

60—36 

54—32 
68—24 
651—26 
69—28 
62  —27 
71  —29 
63—23 
65—23 
63!— 26 
62!— 20 
68—22 
66!— 20 
68—26 
46:— 23 
39—18 
65  —29 
58  —21 
54—21 
61—26 
60  —28' 
28—28: 
68.-24 
64—24 
40.— 18 


N. 

NW. 

W. 
5NW. 
^N\V. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 


NW. 
SNW. 
)NW. 
NW. 
NW. 
W. 
NW. 
NW. 
NW. 
NW. 
NW. 
NW. 
NW. 
NW. 
NW. 
NW. 

sw. 

NW. 

NW. 
NW. 
NW. 


NW. 
NW. 
NW. 
NW. 
NW. 


54 
40 
27 
50 
48 
43 
55 
40 
35 
46 
36 
40 
38 
46 
30 
37 
53 
40 
30 


35 
70 
53 
44 
54 
23 
46 
50 
66 
42 
16 
20 
17 
23 
31 
34 
12 
24 
45 
23 
20 


u 

0 
g 

a  ° 

3-0 


0 
M 


MUeti. 


600 


0 


4^ 
0 


2  0 
S 

0 

R 
S 


SW. 

w. 


800  NW. 
1,000!  NW. 

1,000{^' 

700  SW. 

500  SW. 

700  NW. 

800  NW. 

700  NW. 

600  NW. 

600  NW. 

600  NW. 

750'  NW. 

800!  NW. 

800,  NW. 

750  NW. 

8(K>  ?  yj,. 

650j^- 

i,"o6o'  NW. 

750  S^- 
500i  NW. 
900!  NW. 
750t  S. 
600;  W. 

300  

250l  W. 
450  NW. 
900  W. 
800  SW. 
1,100  NW. 
950  XW. 
550  NW. 
650  SW. 
650  SW. 
600  SW. 
600,  W. 
600  NW. 
900  SW. 


Inch. 
0.64 
0.50 
0.22 
0.80 

0.40 

0.60 
0.40 
.0.  52 
0.64 
0.50 
0.80 
0.50 
0.40 
0.80 
0.78 
0.50 
0.75 

0.55 

0.45 
0.76 

0.65 

0.60 
0. 2:{ 
1.00 
0.46 


0.42 
0.40 
0.45 
0.50 
0.37 
0.50 
0.62 
0.27 
0.  :i5 
0.60 
0.55 
0.38 
0.40 


If 

00 


> 
•0 

8 


0 
V 
*•» 

M 


Miles, 
700 
500 
900; 
70ri 

700 

I 

900| 

900; 

900j 

550' 

600 

500 

800  i 

500' 

500, 

450: 

700 

600 


2.2 
3.2 
4.3 

7.0 

22.6 
9.4 
4.4 
4.7 

11.3 
7.1 

I  9.6 

3.4 

3.4 

13.0 

24.1 


800   12.1 


800 

800 

650 

500 

1,100 

600 

800 


600 
350 
900 
700 
800 
700 
450 

1,100 
900 
500 
450 
800 

1,100 


30 
30 
30 
26 
50 


700.  NW. 
700=  NW. 
700   NW. 
650   W. 
500  NW. 


0.60 
0.50 
0.65 
0.48 
0.59 


500 
650 
700 
600 
6001 


5.3 

12.6 

1.0 
12.1 
3.8 
3.7 
2.9 
2.7 
1.1 
0.6 
6.5 

2.6 
0.6 
4.8 
2.2 

'  a'i 

0.6 
4.1 


3.6 
4.1 
4.1 
2.8 

4.8 
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Table  VII.— Falm  of  Tbmpkbatubb  and  Pressure  avd  Temperature  Gra- 
dients ON  THE  Day  Precedino  Cold  Waves,  1880  to  1890— Continued. 


Date. 


Dec  9, 
Dec  21, 
Dea  15, 
Dec.  8, 
Dec.  13, 
De&ll. 
Dec  6, 
Dec.  12, 
Dec.  6, 
Dec  11, 
Jan.  21, 
Jan.  3v 
Jan.  9, 
Jan.  18, 

Jan.  12, 

Jan.  26, 
Jan.  22, 

Jan.  24, 


Jan. 
Jan. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 


2, 
25, 

e. 

10, 
20, 
18. 
19. 

17. 
27, 

10, 
3, 

10. 

17, 

10, 
3. 


Mar.  12, 

Mar.  15, 
Mar.  21, 
Mar.  13, 
Oct.  23, 
Oct.  20, 
Oct.  20, 
Oct.  24, 


880.- 

881- 
882- 
883- 
884- 
885- 
886- 
887- 
888- 
889- 
880- 
881- 
882- 
883- 

884- 

885- 
886- 

887- 

888- 
889- 
880- 
882- 
883- 
884- 
885- 
886- 
888- 
889- 
887- 
880- 
881- 
882- 

000-. 

884- 
885- 
886- 
887- 

888- 

889. 
886. 
886.. 

887-. 
885-. 
886.. 
887.. 


Loni8vine,K7 

Denison,  Tex 

Keoknk,  Iowa  — 
LaCroase,  Wis.-. 

Atlanta,  Ga 

Wilmington,  N.C. 
Jackaonville,  Fla . 
LaCroase,  Wis... 

do 

Springfield,  Mo... .' 
^ashTille,  Tenn .  - 
Des  Moines,  la  — . 
Louisville,  Ky  — . 
Davenport,  la 

Mobile,  Ala 

Colurobns,  Ohio.. 
Erie,  Pa 


Enozville,  Tenn.. 

do 

Palestine,  Tex 

Pittsburgh,  Pa... 
Shreveport,  La... 

Lamar.  Mo -. 

Pittsburgh,  Pa... 
Kansas  City,  Mo.. 
Springfield,  Mo.. 
Dnbnqne,   Iowa . . 

Palestine,  Tex 

Lonisville,  Ky 

Atlanta,  Ga 

Augusta,  Ga 

Memphis,  Tenn.. 
Pittsburgh,  Pa... 
Wilmington,  N.  C. 
Cincinnati,  Ohio.. 

Shreveport,  La 

St.  Louis,  Mo 

Charleston,  8.  C. 

Concordia,  Kans.. 
Indianapolis,  Ind. 
Davenport,  Iowa .  - 
Fort  Custer,  Mont. 

St.  Louis,  Mo 

North  Platte,  Nebr. 
Valentine,  Nebr.. 


6 

o 

I 

a 

I 


36 
54| 
25' 
50 
64 
6> 
53 
24 

:«' 

62 
58 
23 
57 

28 


-25 
-22 

-20 
-26 
-26 
-26 
-24 
-22 
-20 
-26 
-21 
-24 
-23 


u 

O 


If 


MS 

S.2 
|l 


1?W. 
NW. 
NW. 
NW. 
NW. 
NW, 
NW. 
NW. 


58—28 


37 


-22 
-21 


NW. 
NW. 
NW. 

NW. 
231  NW. 

N. 


63r~29 


54 
56 
35 
60 
50 
60 

51 
42 
56 
58 
61 
62 
64 
54 
61 
30 
50 
60 

6«; 

52 

59 

30 

84 

63 

68- 

32i 


N. 

Kn. 

NW. 

W. 

(NW. 

|NW. 
301  NW. 
261  NW. 


-23 
-20 
-24 
-21 
-22 
-20 
-27 
-28 
-25 
-26 
-22 
-21 
-26 
-23 
-21 
-20 
-27 


NW. 

NW. 

NW. 

NW. 

N. 

NW. 


NW. 

NW. 

NW. 

N. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

28  NW. 

-27  NW. 

-15 

-22 

-27 

-28 


-^ 


NE. 
NW. 
NW. 
NW. 


40 
34 
34 
34 
27 
32 
31 
54 

32 
27 
50 
34 
30 
45 
40 
29 
37 
33 
38 
40 
35 
38 
41 
23 
40 
37 
30 

43 
21 
35 
30 
35 
35 
27 
37 
40 
45 
33 
27 
47 

a5 


20 
27 
30 
25 


£ 


a 


700 
500 
650 
600 
1,000 
800 
850 
350 


o 

s 


to 

0 


a 


I  4« 

;.£ 
I  tea 

o.S 

as 

fl  a 

08   08 

.S 
Q 


500 
900 
350 
650 
800 
550 
900 

,100 
600 
650 

,100 
700 
800 
500 
500 
650 
800 
750 
700 


700 
700 
900 
7(K» 
800 
80U 

1,100 
800 
650 
800 
600 

1,500 
650 
700 


SW. 

NW. 

NW. 

W. 

NW. 

SW. 

NW. 

NW. 

W. 

SW. 

NW. 

NW. 

W. 

NW. 


Inch. 
0.70 
0.71 
0.34 
0.50 
0.43 
0.30 
0.45 
0.50 
0.60 
0.50 
0.38 
0.76 
0.45 
0.48 


NW    .0.47 


SW. 

SW. 


0.27 
0.45 


600 

650 

500 

1,0001 


SW.     0. 37 


SW. 

NW. 

SW. 

NW. 

NW. 

W. 

NW, 

NW. 

NW. 

NW. 

SW. 

NW. 

W. 

NW. 

W. 

w. 

NW. 
NW. 
NW. 


0.75 
0.46 
0.50 
0.38 
0.36 
0.45 
0.42 
0.58 
0.54 
0..33 
0.64 
0.40 
0.70 
0.37 
0.32 
0.44 
0.45 
0.40 
0.50 


W.       0. 53 


N. 
NW. 


0.60 
0,50 


NW. 
NW. 

NW. 
NW. 


0.42 
0.40 
0.30 
0.45 


> 

08 

1 


a 

9 

(3 


Mifen. 
500 
450 
650 

1,000 
700 
850 
800 
650 

"466 
600 
200 
700 
800 

550 

1,100 
650 

950 

600 
750 
400. 
500 
700 
550 
600| 
600 
550 
6OO; 
6(N)i 
500 
500 
800 
1, 100: 
400; 
900, 
500 
700 


2.4 
0.7 
2.7 
6.1 
1.2 
5.2 
0.5 
0.4 

7."8 


1.6 
2.3 

8.5 

3.6 

2.0 
3.8 

8.6 

5.7 
4.7 


4.4 
4.8 
5.7 
3.1 
7.5 
5.4 
3.2 
0.6 


1.0 
12.1 
3.8 
5.0 
1.0 
5.1 


750     6. 6 

600     1. 5 
650i     3.4 


600 

1,000' 

1,000 

1,000: 
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Table  VII.— Fali^  of  Tkmprbatuee  and  Pbessube  and  Tbmpkbatubk  Gba- 
DIENT8  ON  THE  Day  PRECEDING  CoLD  WAVES,  1880  TO  1890 — Continued. 


Bate. 


Oct.  2, 
Nov.  11. 
Nov.  13, 
Nov.  7, 
Nov.  10, 
Nov.  12. 
Nov.  13, 
Nov.  15, 

Nov.   6, 

Nov.  30, 
Nov.  7, 
Nov.  8, 
Oct.  27, 
Oct.  30, 
Oct.  14, 
Oct  14, 
Oct.  26, 
Oct  4, 
Oct  14, 
Oct  6, 
Oct  3, 
Oct  .2, 
Nov.  11, 
Nov.  13, 
Nov.  24, 
Nov.  16, 
Nov.  11, 
Nov.  2, 
Nov.  4, 
Nov.  10, 
Nov.  17, 
Nov.  14, 
Dec.  17, 
Dec  5, 
Dec.  3, 
Dec  9, 
Dec  6, 
Dec.  26, 
Dec.  13, 
Dec  13, 
Dec  7, 
Dec.  6, 
Jan.  IB, 
Jan.  6, 
Jan.  22. 
Jan.  10, 
Jan.  12, 


1888.- 
1882.. 
1882.- 
1883- 

1883- 

i8a3.. 

1883.- 

1883- . 

1884  I 

1884-- 

1885.- 

1885- 

1880- 

1881-. 

1882.- 

1883- 

1884- 

1865.- 

1886-. 

1887- 

1888- 

1889- 

1880- 

1881.. 

1882— 

1883.. 

1884.. 

1885.. 

1886.. 

1887-.; 

188»-i 

1889..; 

1880-. 

1881_. 

1882-J 

1883-' 

1884- 

i8a5.. 

1886—1 

1887_J 

1888-! 

1889-' 

1880.-' 

1880.. 

1881- 

1882-i 

1883- 


Moorhead,  Mlnn.. 

Denver,  Colo 

Shreveport,  La... 
Colnmbua,  Ohio.. 

Alpena,   Mich 

Nashville,  Tenn.. 

Bavannah,  Ga 

Ljnchbargh,  Va.. 

BoetOB,  Mass 

Wilmington,  N.  C- 
Dodge  City,  Kana. 

Lamar,  Mo 

Colambns,  Ohio.. 

Toledo,  Ohio 

Des  Moines,  lowa- 
Lonisville, Ky  ... 

St.  Louis,  Mo 

Oswego,  N.  Y 

Indianapolis,  Ind. 
Kansas  City,  Mo.. 
Nashville,  Tenn.. 
Chattanooga,  Tenn 
Cincinnati,  Ohio.. 

Cario,  111 

Cincinnati,  Ohio.. 

Chicago,  111 

.-.do _ 

Colnmbua,  Ohio .. 
Ciuciunati,  Ohio.. 
Sandusky,  Ohio  .. 

St  Louis,  Mo 

Washington  City  . 
Indianapolis,  Ind. 
Albany,  N.  Y  — 
Montgomery,  Ala. 
Cleveland,  Ohio .. 
Columbus,  Ohio  — 

Shreveport,  La 

Pittsburgh,  Pa... 

St  Louis,  Mo 

Lynch  burgh,  Va. . 

...do 

do — j 

lodianapolis,  Ind.! 
Washington  City  .1 
Fort  Smith,  Ark— i 
Washington  City.| 
Augudta,  Ga j 


2 

0 

■.A 

B 


S 

0 

o 
I 


o 
a 

a  mm 

^-  a 


t 


o 
o 

2.S 

3  « 

c  a 

a  « 


48^—26 
44|— 32, 
68:— 32! 
65'— 21. 
45i— 12, 
63—29 
69—26! 

49— 2;^ 

54—21 
57!— 20, 
38i— 11| 
64—29 
63;— 2:^ 
541—16 

55—15: 

67—16' 

58  — 15| 
39—13, 

59  —18 
69— 16| 
56—121 
62—14! 
60— 12j 
58—16 
65—17 
39—18 
15—  5 
45—12 
49—13 
53,-15 
52,-12 
50—14 
50—12 
36—17 
59—14 
40—17 
40—15 
57—12 
32—11 
55—18 
46—16 
42—18 
46—14 
55—19 
50—12 
20,-10 
45—15 
36;— 13 


NW. 
NW. 
NW. 
NW. 
NW. 
NW. 
NW. 
NW. 

|nw. 

NE. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

NW. 

N. 

NW. 

NW. 


20 
28 
50 
22 
22 


i 
s 

0 


a 


Miles, 
500 
900 
850| 
900 
000 


a 


a 

9> 


fig 

0 

I 


8 

«  © 

a  S 
5* 


NW. 


Inch* 
0.50 


27   1,100 
23  |1,100 
900 


22 

22 

20 
34 

22 
18 
22 
22 
20 
15 
25 
24 
16 
20 
17 
28 
17 
20 
20 
12 
16 
12 
22 
20 
20 
20 
20 
24 
22 
24 
23 
24 
20 
15 
16 
21 
20 
20 
17 
23 


460 


SW. 

SW. 

W. 

W. 

SW. 

SW. 


0.50 
0.50 
0.40 
0.65 
0.65 
0.45 


► 

8 


s 

H 

H 


JdUes, 
800 
200 
500; 
800, 
500 
700 
1,300 
!l,000 


SW.     0. 55 


800  W. 
500  W. 
900i  SW. 
600]  NW. 
500  NW. 
700,  SW. 
700,  N. 
500!  W. 
900  NW. 

6oo;  W. 

500  SW. 
800  W. 
600  SW. 
500,  SW. 
600;  SW. 
500i  SW. 
500,  SW. 
800!  W. 
650|  SW. 
800|  SW. 
600  W. 
750  SW. 
500  NW. 
500  SW. 
600  NW. 
500  NW. 
700  SW. 
650,  NW. 
700  NW. 
600  W. 
600  SW. 
750  8W, 
800  SW. 
600  SW. 
500|  NW. 
500,  SW. 
600  SW. 
500!  W. 


0.42 

0.45 

0.60 

0.44 

0.40 

0.30 

0.24 

0.60 

0.45 

0.30 

0.25 

0.40 

0.60 

0.62 

0.58 

0.60 

0.72 

0.24 

0.40 

0.45 

0.24 

0.40 

0.24 

0.37 

0.30 

0.60 

0.35 

0.40 

0.30 

0.45 

0.30 

0.50 

0.50 

0.24 

0.21 

0.25 

0.45 

0.42 


900. 


6001 
700 
700 
500 
500 
700 
700; 
30U 
900 
700 
1,0(M« 

ii,  oo«.^ 

600 
40<' 
60(i 
600 
i(K 
65(> 
75<« 

1,00«- 
650 

1,000 

1,300 
800 
600 
500 

1,100 
500 


700, 

80d 

1,100! 


5001 
500j 
650| 
500 
1,1001 
1,000. 
600 
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Table  VII.— Faij^  of  Tbmpbbatubb  and  Pbbssubk  awd  Tempbraturb  Gra- 
dients ON  TAB  Day  Pbecedixg  Cold  Waves,  1880  to  1890— Continued. 


8 

i 

•  •« 

8 

Bate. 

Place. 

• 

u 

a 
I 

rature   gradient 
nge  in  500  milea 

s 

o 

i, 

BS 

a 

9 

s 

1 

ce  apart  of  big' 
d  lowest  isobar. 

1 

1 

■s 

a 

.s 

S.5 

1 

0 

|s 

1 

& 

S 

Mites, 

£ 

& 

Inch. 

Ifiles. 

Jan.  15,  1884.- 

Washington  City 

33 

—16 

NW. 

40 

300 

NW. 

0.25 

900| 

Jan.    3,  1885.. 

Charlotte,  N.  C. 

22 

—11 

NW. 

20 

600 

NW. 

0.28 

600 

Jan.  11.  1887-. 

Washington  City 

25 

—13 

NW. 

31 

40(» 

SW. 

0.30 

1,300 

Jan.    6,  1888.. 

Philadelphia,  Pa 

38 

—12 

NW. 

38 

500 

NW. 

0.24 

500 

Jan.    5,  1889.. 

St.  Lools,  Mo 

40 

—10 

NW. 

14 

700 

NW. 

0.20 

700 

Feb.  28, 1880.. 

Chicago,  111 

54 

—15 

NW. 

43 

700 

NW. 

0.50 

500 

Feb.  17, 1881.. 

Pittsburgh,  Pa . . 

36 

—16 

NW. 

35 

600 

8W. 

0.62 

400 

Feb.  10, 1882.. 

Nashville,  Tenn  .. 

56 

—18 

NW. 

26 

5001  aw. 

0.38 

800, 

Feb.  20, 1883- 

Chicago,  111 

38—19 

NW. 

32 

600 

W. 

0.50 

500 

Feb.17,1884.. 

Shreveport,  La  .  - . 

56—12 

NW. 

36 

500 

N. 

0.48 

600 

Feb.  15,1886.. 

Kansas  City,  Mo.. 

19 

—11 

N. 

30 

500 

W. 

0.25 

960; 

Feb*    6,1886.. 

Charlotte,  N.C- 

21 

—14 

NW. 

21 

600 

NW. 

0.44 

800 

Feb.  22, 1887.- 

Fort  Smith,  Ark.. 

43 

—11 

NW. 

23 

500 

NE; 

0.10 

800! 

Feb.    6,1888.. 

Chicago,  111 

24 

—18 

NW. 

26 

700 

W. 

0.30 

1,000 

Feb.    9,1888.. 

Memphis,  Tenn  .. 

46 

—12 

N. 

26 

7001  W. 

0.22 

1,400 

—  ^^^m 

Mar.  28, 1880.. 

St.  Louis,  Mo 

61 

—19 

NW. 

24 

650 

NW. 

0.90 

500 

-  »«»«w 

Mar.   9,1881- 

Keoknk,  Iowa 

34 

—11 

NW. 

20 

600 

SW. 

0.25 

400 

^  ^^^ 

Mar.  11, 1882.. 

New  York  City-. 

50—15 

NW. 

31 

400' 

W. 

0.50 

1,000 

«  «^«-* 

Mar.  24,1883-. 

Nashville,  Tenn  .. 

43—13 

NW. 

24 

700 

W. 

0.40 

500 

Mar.   1,1884- 

St  Louis,  Mo 

36—17 

N. 

46 

600 

W. 

0.40 

1,000 

Mar.   7,1885- 

..-do 

42—11 

N. 

25 

660 

N. 

0.40 

600 

Mar.17.1886.. 

Lynchburgh,  Va. . 

55—17 

N. 

30 

500 

SW. 

0.35 

30O 

Mar.  22, 1887.. 

Columbus,  Ohio . . 

33—11 

NW. 

13 

600 

w. 

0.50 

1,200 

Mar.  13, 1888.. 

New  York  City... 

24—18 

NW. 

17 

600 

w. 

0.70 

8001 

Mar.   1,1889.. 

Palestine,  Tex 

62—16 

NW. 

26 

600 

N. 

0.38 

400 

In  forming  the  means  of  greatest  temperature  falls,  and  the  corresponding  mean  press- 
ure and  temperature  gradients  shown  in  Table  VIII,  the  60°  lallsare  included  with  the 
50^  to  60^  falls.  Many  cases  had  to  be  omitted  in  forming  the  means,  as  the  pressure  or 
temperature  gradients  could  not  be  determined  with  sufficient  exactness,  on  account  of 
the  area  of  low  temperature  or  high  pressure  extending  beyond  the  region  of  observa- 
tion. Table  VIII,  which  is  a  r^ume  of  Tftble  VII,  shows  that  the  magnitude  and  ex- 
tent of  temperature  falls  depends  closely  on  the  magnitude  of  the  temperature  and 
pressare  gradients.  There  does  not  seem  to  beany  discernible  relation  between  the  tem- 
peratare £all  and  gradients  dependent  on  the  month  in  which  the  cold  wave  occurs. 
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Table  VIII. — Mean  Tei^pebatube-falls,  Temperature  akd  Pressure  Gradi- 
ents IN  "Highs"  and  "Lows**  preceding  Cold  Waves. 


Months — 

No.  of 
cases  in 

the 
mean. 

Extent 

of 

lall. 

Mean 

temperatare- 

fall. 

Mean  600* 
'  mile 
pressure 
gradient. 

Mean  500- 
mile    tem- 
peratnre 
gradient. 

9 
15 
21 
23 

12 

12 

9 

11 

8 

11 
11 

9 
10 

8 
11 

26.1 
15.7 
15.6 
13.9 

8.1 

14.  0 

10.8 

7.8 

9.4 

3.7 
3.8 
3.0 
3.4 
4.4 
4.0 

o 

--53.6 
—43.2 
—43.4 
—42.2 

—32.9 
--34. 1 
—34.7 
—33.6 
—32.3 

—24.4 
—23.6 
—24.1 
—24.7 
—22.9 
—24.1 

—14. 7 
—13.4 
—15.2 
—13. 3 
—14.6 
—14.8 

Inches. 
0.66 
0.56 
0.53 
0.59 

0.49 
0.61 
0.63 
0.53 
0.67 

0.49 
0.49 
0.48 
0.48 
0.37 
0.47 

0.38 
0.45 
0.41 
0.29 
0.38 
Q.48 

o 
55 

Nov. -Dec 

47 

Jan ' 

Feb.-Mar 

48 
46 

Oct. -Nov .1 

38 

Dec ' 

43 

Jan. - 

51 

Febl— - 

43 

Mar 

43 

Oct 

35 

Nov 

Dec 

29 
35 

Jan • . 

36 

Feb.— - — - 

34 

Mar ___.   .    

36 

Oct 

20 

19 

Dec 

21 

Jan - 

25 

Feb 

30 

MftT  

26 

' 

Summary  of  Pressure  and  Temperature  Gradients  and  Mean  Tempera- 

ture-fall& 


No.  of 
cases  in 

the 
mean. 

Extent 

of 

fall. 

Mean 
temperature- 
fall. 

Mean  500- 
mile 
pressure 
gradient. 

Mean  500- 
mile  tem- 
perature 
gradient. 

9 

59 
62 
60 
60 

26.1 

15.1 

10.0 

3.7 

1 

—53.6 
—43.3 
—33.5 
—24.0 
—14.3 

0.66 
0.56 
0.59 
0.46 
0.40 

55 
47 
44 
34 
23 

It  appears  from  an  inspection  of  the  maps  that  the  extent  of  cold  wave  and  magni- 
tude of  temperature  fall  are  dependent  on  the  extent  of  the  high  and  low  pressure  and 
the  character  of  the  temperature  gradient.  It  may  be  possible  to  establish  the  numer- 
ical relation  between  them  from  a  consideration  of  special  cases. 

An  examination  of  the  temperature-falls  in  a  cold  wave,  as  they  are  generalized  by 
lines  of  10^,  20°,  and  30°  fall,  etc.,  on  the  maps,  shows  that  graphically  they  may  be 
taken  as  oones*,  not  right  cones,  however.  The  maximum  temperatnre-fall  is  the  alti- 
tude of  the  cone;  the  10°,  20°,  30°,  etc.,  temperatnre-fall  lines  are  sections  of  the  cone 
by  planes.  The  section  lines  are  tor  the  greater  part  elliptical  in  appearance,  generally 
qnite  regular,  but  in  a  few  cases  somewhat  irregular.  Sometimes  they  are  nearly  circu- 
lar; oocasionally  an  area  is  triangn lar-ahaped  with  rounded  oomeis;  sometimes  tiiey  pie* 
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sent  the  appearanee  ot  long,  aarrow  Rtrips  of  a  crescent  shape;  occasionally  they  are  egg- 
shaped. 

There  is  a  certain  degree  of  conformity  in  the  shapes  of  the  temperature-fall  carresof 
the  same  cold  wave.  All  the  temperature-fall  curves  pertaining  to  any  particular  cold 
wave,  each  one  inside  the  other,  have  the  same  shape  approximately.  A  triangle,  for 
instance,  will  not  be  found  inside  of  a  circle  or  ellipse.  The  higher  the  order  of  the 
curve  the  more  nearly  does  it  approach  regularity  of  shape.  That  is  to  say,  the  20^  fall- 
curve  usually  represents,  some  regular  area  more  nearly  than  the  10°  curve.  The 
30°  curve,  where  there  is  one,  represents  the  sani^  figure  more  nearly  than  the  20° 
curve,  and  so  on  for  the  higher  order  of  curve?.  This  fact  has  significance  in  some 
cases.  The  curves  of  very  great  temperature-fall,  however,  may  have  a  regular  shape 
vrithout  its  having  any  special  significance.  When  there  is  only  a  single  station  with  a 
fall  greater  than  the  even  20°,  30°,  or  40°  fall  the  draughtsman  makes  the  curve  indica- 
ting this  with  a  perfect  regularity. 

Occasionally  these  temperature-fall  areas  show  wide  deviations  from  regularity.  They 
are  all  in  fiact  more  or  less  irregular.  The  areas  are  for  the  greater  part,  however,  satis- 
factorily represen table  by  perfectly  regular  figures,  which  are  for  the  most  part  ellipses. 
Any  temperature  curve  of  20°  or  greater  fall  in  a  cold  wave  is  always  represen table  with 
some  degree  of  approximation  to  accuracy  by  a  perfectly  regular  ellipse.  It  is  meant 
by  this  that  if,  instead  of  the  outlines  which  do  actually  represent  the  temperature 
falls,  they  were  replaced  by  perfectly  regular  ellipses  of  proper  dimensions  they  would 
then  represent  the  actual  falls  of  temperature,  with  errors  in  most  cases  of  not  more  than 
2°  or  3°,  and  in  some  cases  5°  or  6°.  In  only  a  very  few  cases  would  the  errors  be  as 
great  aa  10°. 

The  following  shows  the  accuracy  with  which  the  actual  20^  temperature-iall  area  is 
represented  by  the  section  lines  of  exact  cones  in  various  cases  of  cold  waves.  Taking 
the  unit  of  extent  of  cold  wave  as  previously  described,  and  taking  the  maximum  fall  of 
temperature  as  its  altitude,  the  areas  given  in  third  column  in  square  miles  were  com- 
puted.   The  actual  areas  observed  are  shown  alongside  of  them. 

Areas  of  20°  temperature-'faU  as  observed  and  as  computed  on  supposition  of  *' extent "  of  fall 

being  a  cone. 


Date. 


Observed. 


Oct  16, 1882... 
Oct.  15, 1883— 
Oct.  8,1884,-. 
Oct.  22, 1884... 
Oct.  16, 1886... 
Oct.  4,1882... 
Oct.  20,  1885... 
Oct.  20, 1886... 
Oct.  19, 1888... 
Oct.  16, 1886... 
Oct.  9,1887... 
Oct.  11, 1887-. 
Oct  23, 1887-. 
Oct.  24, 1887... 
Oct.  2,  1888— 
Nov.  7,1880... 
Nov.  19, 1881... 
Nov.20,ie81.-. 
Nov.  11, 1882... 
Nov.  12, 1882... 
Nov.  13, 1882... 
Nov.  14, 1882... 
Nov.  6,1883... 
Nov.  7,1883... 
Nov.  12, 1883... 
Nov.  13, 1883... 
Nov.  16. 1883— 
Nov.  26, 1883... 


Square  mif 68. 

126,000 

116, 000 

170. 000 

48,000 

63,000 

26,000 


96,000 
111,000 
279,000 

27,000 


140,000 
287,000 
174,000 
282,000 
609,000 
271,000 
263,000 
388,000 
482,000 
335,000 
350,000 
155,000 
298,000 
320,000 
67.000 
830,000 


Computed. 


Square  miles, 
115, 000 
140, 000 
230,000 


45,000 


86,*000 


30,000 
270.000 


270,000 
510,000 
305,000 
335,000 
665,000 
460, 000 
330,000 
300,000 


280,000 

220,000 

35,000 


Date. 


Nov.  27, 
Nov.  6, 
Nov.  6, 
Nov.  23, 
Nov.  24, 
Nov.  7, 
Nov.  8, 
Nov.  13, 
Nov.  13, 
Nov.  23, 
Nov.  18, 
Nov.  26, 
Nov.  20, 
Nov.  23, 
Nov.  27, 
Nov.  28, 
Nov.  9, 
Nov.  12. 
Nov.  28, 
Dec.  9, 
Dec  21, 
Dec.  27, 
Dec.  13, 
Dec.  31, 
Dec.  5, 
Dec  20, 
Dec  21, 
Deo.  28, 


1883. 

1884. 

1884. 

1884. 

1884. 

1885. 

1886, 

1886. 

1886. 

1886. 

1886. 

1886, 

1887 

1887. 

1887. 

1887. 

1888. 

1889. 

1889. 

1880. 

1881. 

1883. 

1884. 

1884 

1885. 

1887. 

1887. 

1887. 


Observed.     Computed. 


Square  miles. 

567,000 

26,000 

27,000 

531,000 

682,000 

70,000 

62,000 

460,000 

155,000 

456,000 

460,000 

302,000 

203, 000 

178,000 

891,000 

806,000 

176,000 

205,000 

120,000 

103, 000 

30,000 

451,000 

51,000 

391,000 

864, 000 

751, 000 

338,000 

664,000 


[Square  miles. 
[        480, 000 


680,000 
780,000 

85,000 

60,000 
630, 000 

90,000 
480,000 
390,000 
286,000 
230,000 
160,000 
980,000 
740,000 

60,000 

130, 666 

90,000 
10,000 
440,000 
60,000 
440,000 
810, 000 
640,000 
440,000 
630,000 
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Area8  of^tOP  temperature-fall  aa  observed  and  as  computed  on  HUppottUion  of  "«9Bfoii<  *'  of  fall 

being  a  cane— -CootiDued. 


Date. 


Dec.  29, 
Dec.  25, 
Dec.  11, 
Dec  25, 
Dec.  29, 
Dec  30, 
Jan.  12, 
Jan.  15^ 
Jan.  14, 
Jan.  17, 
Jan.  14, 
Jan.  18, 
Jan.  19, 
Jan.  20, 
Jan.  6, 
Jan.  19, 
Jan.  1, 
Jan.  17, 
Jan.  18, 
Jan.  25, 
Jan.  9, 
Jan.  17, 
Jan.  18, 
Jan.  21, 
Jan.  24, 
Jan.  30, 
Jan.  1, 
Jan.  8, 
Jan.  15, 
Jan.  20, 
Jan.  9, 
Jan.  17, 
Feb.  14, 
Fob.  28, 
Feb.  29, 
Feb.  13, 
Feb.  21, 
Feb.  4, 


1887. 

1888 

1889 

1889. 

1889. 

1889. 

1880. 

1881. 

1882. 

1882 

lb83. 

1883. 

18fc3 

1883. 

1884. 

1884 

1885. 

1885. 

1885. 

J885. 

1886. 

1887. 

1887. 

1887. 

1887. 

1887. 

1888. 

1888, 

1888. 

1888. 

1889. 

1889. 

1880. 

1880 

1880. 

1881. 

1882. 

1883. 


Observed. 


Square  miles, 
830,000 
80,000 
334,000 
258,000 
566,000 
749, 000 
813, 000 
848, 000 
134,000 

1,101,000 
554,000 
324,000 
322,000 
385,000 
220,000 
703, 000 

1, 060, 000 
415, 000 
487, 000 
319,000 
397,000 
621,000 
660,000 
239,000 
369,000 
474, 000 
422,000 
525, 000 
513,000 
235,000 
259,000 
551, 000 
220,000 
299.000 
506. 000 
163, 000 
272, 000 
337,000 


Computed. 


Square  mtles, 
tflO,  000 
140,000 
220, 000 
210, 000 
750,000 
750,000 
750,000 
700,000 
210,000 
1, 350, 000 
640, 000 
140,000 
200,000 
440, 000 
200,000 
750,000 
1, 060, 000 
440,000 
570,000 
270,000 
390,000 
530,000 
750,000 
330,000 
280,000 
485,000 
530,000 
600, 000 
580,000 
265,000 
190, 000 
540, 000 
160, 000 
350, 000 
440, 000 
275,000 
250,000 
355,000 


Date. 


Feb.  17, 
Feb.  25, 
Feb.  6, 
Feb.  20, 
Feb.  8, 
Feb.  10, 
Feb.  11, 
Feb.  16, 
Feb.  10, 
Feb.  16, 
Feb.  26, 
Feb.  1, 
Feb.  4, 
Feb.  9, 
Feb.  11, 
Feb.  12, 
Feb.  19, 
Feb.  25, 
Feb.  15, 
Feb.  16, 
Feb.  20, 
Feb.  26, 
Feb.  6, 
Feb.  17, 
Feb.  23, 
Mar.  4, 
Maj.  10, 
Mar.  21, 
Mar.  19, 
Mar.  12, 
Mar.  17, 
Mar.  10, 
Mar.  21, 
Mar.  3, 
Mar.  14, 
Mar.  3, 
Mar.  20, 
Mar.  16, 


1883 

1883. 

1884. 

1884. 

1885 

1885. 

1885, 

1885. 

1886. 

1886. 

1886. 

1887. 

1887. 

1887. 

1887. 

1887. 

1887. 

1887. 

1888. 

1888. 

1888 

188s. 

1889. 

1889. 

1889. 

1881. 

1882. 

1882. 

1883. 

1884- 

1885. 

1886. 

1886. 

1887. 

1887. 

1888. 

1888. 

1889. 


Observed. 


Square  miles, 
1,  065, 000 
189, 000 
208,000 
895,000 
244,000 
960,000 
787,000 
155, 000 
132,000 
201,000 
606,000 
215, 000 
336,000 
426,000 
543,000 
1,  015, 000 
140,000 
446, 000 
912, 000 
440,000 
280,000 
260,000 
356,000 
372,000 
634,000 
132,000 

41,000 
490,000 
848,000 
468,000 
216,000 

41,000 
144,000 
219,000 
227,000 
478,000 
283,000 

42,000 


Compated. 


Square  miles. 
990,000 
110,000 

890, 606 
40,000 
880,000 
800,000 
5J70.000 


260,000 
690,000 
170,000 
485,000 
390,000 
610,000 
970,000 
90,000 


885,000 
370,000 
265,000 
355,000 
410,000 
380,000 
770,000 
136,000 


420,000 
830,000 
420/000 


145,000 
195,000 
230,000 
480.000 
390,000 
40,000 


The  place  of  greatest  temperature  &l\  is  usoally  about  half  way  between  the  north- 
western and  southeastern  boundary  of  the  10^  temperature-fall  area  when  the  isotherms 
are  at  nearly  equal  distances  apart.  In  some  cases,  which  depend  on  the  isobars  being 
more  crowded  towards  the  southeast  than  in  the  northwest,  the  sreatest  fall  is  nearer  to 
the  Boatheastem  side  of  the  10°  temperature-fall  area.  In  this  latter  case  it  is  usually 
one-third  of  the  distance  across  the  10°  fall  area  from  its  southeastern  boundary. 

In  case  a  high  area  of  pressure  is  to  the  southwest  of  a  low  area,  and  the  high  is  relatively 
much  more  intense  than  the  low,  that  is,  greater  pressure  and  temperature  gradients 
within  it,  the  place  of  greatest  temperature-iall  is  apt  to  be  to  the  south  of  the  center  of 
the  10°  temperature  fall  area.  In  this  case  also  there  is  apt  to  be  a  long  stretch  of  nearly 
uniform  great  temperature  fall,  so  it  is  not  possible  to  locate  the  maximum  fall  of  tem- 
perature accurately,  nor  is  it  important  in  this  case. 

In  devising  a  plan  for  forecasting  cold  waves  it  has  been  borne  in  mind  that  to  be  of 
any  value  it  must  be  of  great  simplicity  and  susceptible  of  easy  and  ready  application 
in  any  particular  case.  The  time  available,  atlter  the  weather  map  is  drawn,  for  any 
computations  pertaining  to  the  occurrence  of  oold  waves  is  somewhat  limiteid  in  the 
practical  work  of  forecasting.  A  method  to  be  of  practical  use  should  not  re(|uire  more 
than  half  an  hour  for  working  out  in  all  its  details.  This  limit  of  time  has  been  ooQ'" 
stantly  kept  in  mind  in  considering  a  method.    Theoretical  treatment  of  this  questioq 
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wonld  require  some  knowledge  of  the  gradient  of  temperature  upward  in  the  air.  This 
is  only  known  for  the  average  Irom  balloon  aBoents  and  not  for  al)  special  caseH.  It  wonld 
therefore  be  necessary  to  make  some  assnmption  on  this  point.  This  being  the  case,  an 
empirical  treatment  may  jnst  as  well  be  adopted  from  the  start.  ^ 

A  physico-mathematical  treatment,  even  if  it  were  possible,  would  certainly  involve 
snob  extensive  work  that  it  would  take  a  very  long  time  to  make- the  computations.  la 
the  mean  time  the  cold  wave  would  have  passed. 

The  following  is  the  plan  that  has  been  devised  for  forecasting  cold  waves. 

First. — The  mf^^nitude  or  **  extent ''  of  a  cold  wave  that  is  to  follow  any  special  map 
or  ensemble  of  isobars  and  isotherms,  as  they  arise  on  the  weather  maps  from  day  to 
day,  is  to  be  determined  from  the  extent  of  the  high  and  low  areas  of  pressyre,  and  the 
character  of  the  isotherms,  whether  close  together  or  far  apart.  Numerical  expressions 
will  be  sought  for  this  relation  by  the  discussion ofparticular  cases  ot  cold  wave  that  have, 
occurred  in  the  past  This  magnitude  or.  **  extent''  will  be  a  number  which  expresses 
the  cubic  contents  of  a  cone  in  which  the  altitude  is  expressed  in  tens  of  degrees  and 
the  l>ase  in  hundred-thousands  of  square  miles  as  units. 

Second. — A  method  will  be  derived  for  determining  what  the  maximum  fall  of  tem- 
perature in  the  cold  wave  is  to  be.  This  is  dependent  on  the  magnitude  of  the  pressure 
and  temperature  gradients  from  the  center  of  the  area  of  low  pressure  towards  the 
north,  northwest,  or  west.  There  are  three  characteristic  regions  in  the  vicinity  where  a 
cold  wave  is  about  to  occar  which  limit  very  generally  the  place  of  greatest  temperature 
tall.  These  are  the  center  of  low  area  of  pressure,  the  convexities  of  the  highest  iso- 
therms, and  the  region  of  greatest  density  of  isotherms  or  greatest  temperature  gradient. 
The  place  of  greatest  temperature  fall,  where  a  cold  wave  is  about  to  occur,  is  very  usu- 
ally in  or  near  one  of  these  regions.  It  can  be  located  somewhere  within  an  area  of 
50,000  square  miles  in  most  cases.  The  greater  the  cold  wave  the  more  definitely  it  can 
be  located. 

The  greatest  temperature  fall  expressed,  in  10°  as  the  unit,  is  the  al  ti  tude  of  the  cone  of 
cold- wave  *  *  extent. '  * 

Third. — In  any  prospective  cold  wave,  theextent  of  cold-wave  or  cubic  contents  of  the 
cone  being  known,  and  its  altitude,  which  iathe  maximum  fall  in  temperature,  the  areas 
of  the  10°  and  20°  temperature  fall  lines  can  be  determined  from  suitably  prepared  tables 
for  that  purpose. 

Fourth, — The  various  shapes  the  20°  temperature-fall  areas  take  with  different  types 
of  low  and  high  areas  of  pressure  will  be  determined.  The  shape  of  the  area  will  be 
takiBO  as  exactly  elliptical  and  the  relation  between  its  major  and  minor  axis  will  t>e 
determined. 

Ftflh. — The  position  of  the  20°  temperature-fall  area  will  be  determined.  The  cen- 
ter or  place  of  greatest  fall  will  be  approximately  known.  A  point  of  tangency  to  the 
20°  fall  curve  of  the  preceding  day,  or  where  this  does  not  occur,  a  characteristic  over- 
lapping of  the  10°  fiill  curves,  or  some  other  means  will  be  devised  which  will  deter- 
mine the  position  of  the  area. 

The  number  of  square  miles  and  the  lengths  of  the  axis  of  the  20°  temperature-fall 
area  being  known,  a  previously  prepared  piece  of  card -board  of  the  shape  and  proper 
size,  according  to  the  scale  of  the  map,  will  be  laid  on  the  map  and  the  20°  tem- 
perature-fall line  drawn  around  it.  The  center  of  the  area  will  be  the  place  of  max- 
imum fall.  When  there  are  temperature-fall  curves  of  30°,  40°,  etc.,  these  will  be 
drawn  in  by  estimation  from  the  position  of  the  20°  fall  and  the  center.  The  prospect- 
ive temperature  falls  at  the  varions  stations  covered  by  the  areas  can  then  be  estimated, 
with  the  aid  of  the  lines,  and  the  IsothernLs  drawn  through  the  area  covered  by  the  iall. 
A  slight  adjustment  will  be  possible  at  this  sta^e  of  the  proceeding.  The  isotherms  in 
the  area  where  a  cold  wave  is  prevailing  always  have  a  certain  smoothness  and  definite- 
ness  of  sweep  easily  recognizable;  their  concavities  are  always  turned  to  the  northwest. 
If  the  computed  temperatures  make  the  isotherms  run  irregularly,  a  sort  of  an  average 
position  can  be  selected  with  a  smooth  sweep  to  the  lines.  With  these  adjusted  iso- 
therms the  20^,  etc.,  temperature-fall  curves  can  again  be  constructed  and  then  will 
have  a  mord  realistic  shape  corresponding  to  the  shapes  that  actually  occur. 

FIRST. — EXTENT  OF  COLD  WAVE. 

For  th^  purpose  of  determining  the  relation  between  the  extent  of  cold  wave  and  the 
extent  of  area  of  low  and  high  pressure  preceding  it,  127  cases  of  cold  waves  were  taken 
Irom  the  whole  number,  621 ,  that  have  occurred  in  ten  years.  These  were  selected  so  as  to 
include  the  greatest  possible  variety  in  the  extent  of  the  varions  cold  waves,  the  great- 
est and  least  low  and  high  areas  of  pressure  concerned  in  their  productioi),  and  the  great- 
est diversity  in  the  relative  positions  of  the  high  and  low  areas,  and  widest  variety  in 
Uie  chnracter  of  isotherms  passing  through  the  areas.     A  numberof  cases  were  included 
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in  this  discnssion  where  the  10^  tempentare-fall  areas  were  large,  but  which  can  not, 
however,  really  be  daased  as  cold  waves  because  the  fall  of  temperature  was  not  snffl* 
ciently  fcreat  or  the  temperature  did  not  go  low  enough. 

In  these  127  cases  the  areas  between  successive  isolMirs  were  measured  with  a  plani- 
ineter.  The  areas  between  the  successive  isotherms  were  also  measured  covering  the 
same  extent  of  country  as  the  areas  of  high  and  low  pressure. 

The  areas  inclosed  by  the  20°,  30*',  etc,  temperature -fall  lines  were  measured  as  has 
been  previously  described.  These  are  given  in  Table  I.  As  the  investigation  proceeded 
it  became  manifest  that  the  amount  of  temperature  fall  between  the  10^  and  20°  fall 
curves  was  too  great  to  be  neglected.  Accordingly  the  areas  inclosed  by  the  KP  fall 
curves  for  the  127  cases  under  consideration  were  measured.  These  are  given  in  Table 
XIV.  These  areas  are  in  many  cases  more  or  less  inaccurate  on  account  of  theit  pro- 
jection into  regions  where  there  are  no  observation^.  The  curves  in  such  cases,  before 
measurement  could  be  made,  had  to  be  completed  by  estimation. 

It  would  have  been  advisable  to  have  included  also  in  the  measurements  the  areas 
between  the  10°  temperature-fali  line  and  the  zero-change  line  if  it  could  have  been 
done  with  any  tolerable  degree  of  accuracy.  But  this  it  was  not  possible  to  do  on 
account  of  the  want  of  definition  of  the  zero-change  line  in  most  cases. 

These  measurements  for  the  various  cases  of  cold  waves  are  given  in  Table  IX.  Col- 
umn 1  gives  the  date  of  the  lower  temperature;  column  2  gives  the  extent  of  high  press- 
ure, the  unit  of  extent  being  an  excess  of  one  inch  of  pressure  over  an  area  of  100,000 
Square  miles;  column  3  gives  the  area  in  square  miles  above  a  certain  isobar,  covered 
by  the  high;  column  4  gives  the  extent  of  low  pressure,  a  deficiency  of  one  inch  of  press- 
ure over  an  area  of  103,000  square  miles  being  taken  as  unity;  column  5  gives  the 
area  in  square  miles  covered  by  the  low  pressure  below  a  certain  isobar,  which  is  also 
given  in  the  same  column;  column  6  gives  the  greatest  fall  of  temperature;  column  7 
gives  the  position  of  center  of  high  area  of  pressure  from  the  center  of  low  pressure,  the 
letter  *'  L  *'  indicating  a  low  alone  without  any  accompanying  high  area;  column  8  gives 
the  mean  temperature  of  the  area  covered  by  the  area  of  high  ana  low  pressure;  column 
9  gives  the  excess  of  temperature  throughout  the  low  above  the  mean  temperature,  an 
excess  of  10°  over  an  area  of  100,000  square  miles  being  considered  as  unity;  column  10 
gives  a  certain  fanction  of  the  areas  between  the  isothermal  lines,  corresponding  to  the 
density  or  sparseness  of  the  isothermal  lines;  column  11  gives  the  difference  £»tween 
highest  and  lowest  isobars,  and  the  least  distance  between  them  in  miles,  on  the  date 
preceding  the  cold  wave;  column  12  gives  the  highest  temperature  in  the  vicinity  of  the 
low  area  of  pressure  and  the  lowest  temperature  in  high  area,  and  their  distance  apart 
in  miles,  on  the  day  preceding  the  cold  wave;  column  13  contains  the  magnitude  or  ex- 
tent of  fall  in  the  cold  wave,  the  unit  being  a  fall  of  10°  over  a  area  of  100,000  square 
miles;  it  includes  allowance  ior  the  fall  between  the  20°  and  the  10°  tempecaturo-iall 
lines. 
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It  appears  from  an  examination  of  this  table  that  in  a  oold  wave  ite  extent  is  icreater 
the  greater  the  extent  of  the  high  and  low  areas  of  preasure  and  the  sweater  the  max- 
ima m  fall  of  temperature.  The  maximum  fall  of  temperature  depend,  as  will  be  seen 
later,  on  the  crowded  condition  of  the  isotherms.  No  matter  how  sparse  the  isotherms 
lUHv  be  there  will  be  some  fall  of  temperature  over  the  area  of  low  pressure.  This  fall  is 
greater  the  greater  the  contrast  of  temperatare  from  the  center  of  the  low  outward  to- 
ward the  west  or  northwest. 

It  wiin>e  necessary,  therelore,  to  get  some  numerical  expression  for  this  contrast  of 
temperature,  which  will  be  greater  the  greater  the  extent  of  country  covered  by  the 
diminishing  temperature  and  the  closer  the  low  temperature  areas  are  to  those  of  high 
temperature.  If  the  distance  between  the  high  and  low  temperature  is  short  it  will,  of 
I'onrse,  render  the  areas  between  the  isotherms  small,  and  will  cause  the  number  ex- 
pressing the  character  and  extent  of  the  temperature  gradients  also  to  be  small. 

Various  suppositions  can  be  made,  according  to  which  the  isothermal  number  can  be 
computed.  The  following  was  adopted  as  proving  the  most  satisfactory  for  the  greatest 
number  of  cases.  For  the  various  cold  waves  the  value  of  this  function  is  given  in  col- 
umn 10  of  Table  IX. 

On  maps  preceding  great  cold  waves  the  areas  between  the  various  isothermal  lines 
lie  in  strips  from  northeast  to  southwest.  Their  widths  are  relatively  small  as  com- 
pared with  their  lengths.  The  widths  may  be  from  50  to  100  miles,  the  lengths  from 
000  to  1,200  miles.  In  many  cases  the  ensemble  of  isotherms  is  of  a  fiui-shape.  their 
lel^t  distances  apart  being  in  the  vicinity  of  the  low  area  of  pressure,  and  gradually  in- 
creasing towards  the  southwest  and  northeast.  The  isotherms  are  drawn  for  tempera- 
tures 10°  apart. 

Consider  two  contiguous-lying  areas  of  temperature  between  three  successive  isotherms 
The  tendency  is  for  the  air  from  the  places  of  low  temperature  to  be  carried  to  the  places 
of  high  temperature.  The  mean  temperature  of  one  strip  of  country  between  two  iso- 
therms, as  compared  with  another  strip  adjoining  it,  is  10°  different.  If  the  area  of 
higher  temperatare  is  less  in  extent  than  the  lower  one,  then  there  is  a  possibility,  if  all 
the  air  from  the  one  of  lower  temperature  overflows  the  one  of  higher  temperature,  that 
the  fall  of  temDeratnre  will  be  equal  in  extent  to  the  area  of  the  higher  one  multiplied 
by  their  difference  in  temperature.  The  units  adopted  are  the  areas  in  hundreds  of 
thousands  of  square  miles  and  the  difference  of  temperature  expressed  in  tens  of  degrees. 
If  the  area  of  lower  temperature  is  less  in  extent  than  the  one  of  higher  temperature  it 
cannot  possibly  change  the  temperature  of  the  higher  one  by  more  than  its  own  area 
multiplied  by  the  difference  of  temperature. 

Consider  a  third  area  separated  from  the  area  of  highest  temperature  by  an  area  in- 
termediate in  temperature.  Its  effect  on  the  higher  temperature  may  be  taken  as  pro- 
portional to  its  extent  and  the  difference  of  temperature  of  the  two  areas.  Its  effect  in 
lowering  the  temperature  of  the  higher  area  will  not,  however,  be  as  great  as  in  the  case 
of  the  contiguous  area,  as  they  are  farther  apart,  and  a  portion  of  the  lower  temperature 
is  expended  in  lowering  the  temperature  of  the  intervening  area.  In  like  manner  a 
fourth,  iifth,  sixth,  etc.,  area  of  temperature  will  have  its  effect  on  the  area  of  highest 
temperature  proportional  to  the  extent  of  the  low  and  high  area,  the  difference  in  tem- 
perature between  thpm,  and  diminishing,  according  to  some  law,  as  their  distance  apart 
increases. 

It  is  not  known  what  this  law  is.  There  is  some  reason,  however,  for  believing,  as 
will  appear  farther  on^  that  this  law  is  nearly  inversely  as  the  distances  of  the  centers 
of  the  areas  apart.  Accordingly,  this  will  be  adopted  as  the  law,  and  two  areas  will  be 
considered  to  have  an  effect  on  each  other  in  lowering  temperature  proportional  to  the 
area  of  the  lesser  one  and  proportional  to  their  difference  in  temperature  and  inversely 
as  their  distances  apart  expressed  in  hundreds  of  miles  as  the  unit. 

Taking  the  next  area  below  the  highest  area  and  considering  it  with  reference  to  all 
of  the  remaining  areas  below  it,  a  certain  extent  of  possible  fall  of  temperature  over  its 
area  will  also  be  derived.  Taking  the  third  area  and  considering  it  with  respect  to  those 
below  it,  in  a  similar  manner,  the  effect  on  its  area  can  be  derived,  and  so  on,  until  the 
last  two  arejks  are  reached.  The  sams  of  the  various  sets  of  numbers,  diminishing  by  one 
for  each  area  until  the  last  two  are  reached,  will  give  a  total, which  is  that  contained  in 
column  10  of  Table  IX,  and  which  is  a  fnnction  of  the  areas  between  the  isothermal 
lines  and  their  distances  apart.  This  number  expresses  the  possibility  of  a  temperature 
fall  over  an  area  due  to  the  conditions  of  the  isotherms. 

To  recapitulate,  this  number  is  computed  as  follows:  The  whole  possible  effect  of  two 
contiguous  areas  in  producing  a  temperature  fall  is  taken  as  the  area  of  the  smaller  one 
in  hundreds  of  thousands  of  square  miles  multiplied  by  unity,  and  divided  by  the  dis- 
tance of  the  areas  apart  in  hundreris  of  miles  except  when  the  distance  is  less  than  100 
miles.  In  such  a  case  the  divisor  is  always  unity.  The  possible  effect  of  the  third  area 
on  the  highest  area  is  taken  to  be  as  the  smaller  area  of  the  two,  expressed  in  hundreds 
of  thousands  of  square  miles,  multiplied  by  two,  the  difference  of  the  temperatam 
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being  20^,  and  divided  by  the  distance  in  hnndreds  of  miles  from  the  highest  isotherm 
to  the  center  of  the  third  area  along  the  lines  of  least  distance  from  the  highest  to  the 
lowest  isotherm. 

The  ^wbole  possible  effect  of  a  fourth  area  on  the  highest  area,  is  taken  as  proportional 
to  the  area  of  the  smaller  of  the  two,  mnltiplied  by  three,  and  divided  by  the  distance 
of  the  eenter  of  area  from  the  highest  isotherm.  An  example  of  the  method  of  compu- 
tation is  given  below,  tor  the  cold  waves  of  February  12, 1887. 

Wbathrb  Map  of  February  11,  1887. 


Areas  between  isotherms  (square 
miles). 


-30«to— 20® 213,300 

-20  —10 168,000 

-10  0 -  188,000 

0  10 404,000 

10  20 275,000 

20  30 __.  281,000 

30  40  .- 175,000 

40  50 _.  121,000 

50  60 —  142.000 

60  4- 234,000 


Distances  of  isotherms  apart  in 
lOO's  of  miles. 


-30°  to  60°. _ _ 11.0 

•20  60 _.-  8.0 

•10  60 __ 6.9 

0  60  - 5.0 

10  60  3.8 

20  60 2.7 

30  60 -_ 2.1 

40  60  — 1.6 

50  60 0.8 

60 


Distaucefl 
from  centers 
of  areas  to 
highe.st  iso- 
therms. 


9.5 
7.4 
6.0 
4.4 
3.2 
2.4 
1.8 
1.2 
0.4 


February  11,  1887.— Computation  of  Isothermal  Number. 


1.4X1X1  =  1.4 
1.2X2X1  =  2.4 
1.8X3X1  =  2.7 
2.3X4X^=  3.7 
2.3X5XJ   =3.8 

2.3X6X/b=  3.1 
l.»X7Xt  =2.2 
1.7X8Xt*.T=  1.9 
2.1X9X^.y=  1.9 


1.8X1X1  = 
1.8x2XiVi^ 
1.8X3X«^.B= 
1.8X4xt  =: 
1.7X5Xi  = 
1.8X6Xi  = 


23.1 

:  1.8 

-  2.4 

:  2.2 

:  1.8 
:  1.4 

-.   1.3 
10.9 


1.9x1Xt^u=1.3 
1.7X2Xi  =1.1 
2.1X3Xi  =1.3 

3.7 


1.2X1X1  =  1.2 
1.4x2XtH=  2.0 
1.4x3xi  =2.1 
1.4X3X,V«=  1.4 
1.4x4xi  =  1.4 
1.4X5X7<^^=  1.3 
1.4X6xi  =1.2 
1.4X7Xi  =1.1 


11.7 

2.8X1X1 

—  2.8 

2.8X2Xi 
1.9x3Xi?.H 

"-  2.8 

-  1.6 

1.7x4Xi 

—  1.3 

2.1X5Xi 

• 

-    1. 5 

10.0 

1.7X1X1^.7=1.1 
1.9X2XJ   =1.3 


2.4 
Total  79. 7. 


1.2X1X1: 
1.2X2X1: 
1.2X3X}: 
1.2x4xi: 
1.2X5xJ: 
1.2X6X{: 
1.2X7Xi: 


1.2 
2.4 
1.8 
1.6 
1.2 
1.2 
1.0 


10.4 


2.7x1x1-2.7 
1.9X2XJ-  1.3 
1.7X8XJ:^  1.3 
2.  lX4Xi--1.4 


6.7 
1.7X1XA=0.8 


0.8 
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It  was  imagined,  to  begin  with,  that  the  extent  of  &U  of  temperature  in  a  cold  wave 
might  be  proportional  to  the  finm  of  the  products  of  the  extent  of  the  areas  of  low  press- 
ure  and  high  pressure  respectively  into  the  isothermal  number  and  an  unknown  fiictor. 
Ohservation  equations  were  made  on  this  supposition.  The  normal  equations  were 
iormed  according  to  the  method  of  least  squares  and  solved  for  the  valuesof  the  unknown 
quantities.  The  residuals  of  the  observation  equations  were  small  in  the  case  of  the 
large  cold  waves,  but  in  the  case  of  the  cold  waves  of  small  extent  the  residuals  were 
very  large.  The  solution  showed  that  some  part  of  the  extent  of  a  cold  wave  must  be 
due  to  the  simple  action  of  the  low-pressure  area  without  regard  to  the  density  or  sparse- 
ness  of  the  isothermal  lines  throughout  it. 

It  is  assumed  that  the  extent  of  temperature  iall  in  a  cold  wave  is  composed  of  two  parts. 
One  part  is  due  to  the  oonvective  intermixture  of  the  air  from  the  surface  of  the  earth 
to  a  great  height  in  the  atmosphere,  caused  by  the  action  of  the  high  and  low  pressure 
in  the  production  of  winds,  and  another  to  the  progress  of  air  from  the  northwest  where 
the  temperature  is  low  towards  the  Southeast  where  the  temperature  is  high.  Ac- 
cordingly on  this  supposition  equations  were  again  formed  in  which  the  extent  of  the 
cold  wave  was  placed  equal  to  the  extent  of  low  pressure  and  high  pressure  multi- 
plied by  unknown  factors  and  also  the  extent  of  low  and  high  areas  multiplied  by  the 
isothermal  number  and  two  other  unknown  factors. 

This  solution  showed  that  there  could  not  be  any  considerable  part  of  the  extent  of 
a  cold  wave  due  to  the  product  of  the  extent  of  high  pressure  into  the  isothermal  number 
and  a  factor.  When  the  term  expressing  this  was  omitted,  the  solution  became  more 
satisfactory  and  the  residuals  made  a  better  showing,  not  being  dependent,  as  before,  on 
the  extent  of  the  cold  wave. 

This  would  seem  to  indicate  that  the  supposition  is  approximately  correct  that  the 
extent  of  a  cold  wave  is  composed  of  three  principal  parts,  one  due  to  Hie  mere  extent 
of  the  area  of  low  pressure,  another  to  the  extent  of  the  area  of  high  pressure,  and  a 
third  part  due  to  the  product  of  the  extent  of  area  of  low  pressure  into  the  isothermal 
number.  This  is  taken  to  indicate  that  the  oooling  of  air  in  the  area  of  high  pressure 
is  due  mostly  to  the  couvective  intermixture  of  air  at  high  and  low  levels,  while  in 
the  case  of  the  low-pressure  area  the  fall  of  temperature  is  due  both  to  the  oonvective 
intermixture  of  air  and  also  to  the  progress  of  the  air  induced  by  the  circulation  of  the 
winds  around  a  low  area  blowing  from  the  northwest  to  the  southeast  on  the  west  side 
of  the  low. 

In  ihe  case  of  most  cold  waves  the  isothermal  lines  are  relatively  much  spread  out  in 
the  area  of  high  pressure  on  the  map  preceding  the  cold  wave.  The  high  area  in  fact 
marks  the  region  where  a  cold  wave  is  prevailing.  In  some  instances  a  part  of  the  area 
of  high  pressure  is  covered  with  isothertns  close  together.  A  scrutiny  of  the  residuals 
of  the  observation-equations  in  these  cases  shows  that  the  addition  to  the  extent  of  the 
cold  wave  of  a  small  term  depending  on  the  extent  of  the  area  of  high  pressure  so  cov- 
ered into  the  isothermal  number  would  improve  the  residuals. 

The  equation  expressing  the  relation  between  extent  of  temperature-&ll  and  extent 
of  high  and  low  pressure  areas  will  be  taken  of  the  form; 

Hh  -f  IJ  -|-  Lii  F  =  extent  of  temperature  fall. 

Tlie  factors  A,  l^  and  7i  are  to  be  determined  from  observed  cold  waves. 

H,  L,  and  Fare  the  measured  extents  of  the  high-pressure  area,  the  low-pressure  area, 
and  the  isothermal  number. 

The  observation-equations  are  given  below.  The  first  term  expresses  the  effect  of  the 
high  area  of  pre&sure,  the  second  the  effect  of  the  low-pressure  area,  and  the  third  the 
effect  due  to  the  product  of  the  extent  of  area  of  low  pressure  into  one-tenth  of  the  iso- 
thermal number,  as  given  in  column  10  of  Table  IX.  The  absolute  term  is  the  extent 
of  the  cold  wave.  On  the  other  side  of  the  e(|uality  signs  the  residuals  are  given.  The 
equations  are  in  three  groups,  corresponding  to  the  positions  of  the  area  of  high  pressures, 
with  respect  to  the  low  pressures,  whether  to  the  northwest  or  southwest  or  without 
any  high  area.  These  groups  having  shown  no  marked  differences  the  solution  was 
made  as  a  whole. 
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Observation-Equations. 


First  group. 

High 
0.0^ 

pressure  to  the  northwest  of  low 
pressure. 

* 

"  1 

Residuals. 
Comp.— ob- 
served. 

Oct.  16,1882.- 

+1.12 

4-  0.  6/1 

— 10=:Vi 

1 

-6 

Oct.     8,1884-- 

1.4A 

-4-0.  U 

4-  0.2/1 

—14= 

.  —0 

Oct.  22,1884-- 

0.8A 

-fO.3/ 

4-  0. 0/, 

—  5— 

—  2 

Oct     4,1885.- 

1.9A 

H-i.:^^ 

4-  0.9/1 

—13.- 

—  3 

Oct.  20,  1885—- 

1.5h 

-1-1.4/ 

4-  0.6/1 

—  7— 

-f  2 

Oct.  20,1886— 

O.Oh 

-f-1.9; 

4:  1. 0/i 

—  7—. 

0 

Oct.     9,1887—- 

0.9h 

-i-i.m 

4-  2.2/1 

—  5^ 

4-  6 

Oct.  24.1887.-. 

2.4A 

-f-l.Oi 

4-  l.O/i 

— 2lr-r 

-11 

Oct     2,1888-- 

0.7* 

H-3.2/ 

4-  1.6/1 

—18--. 

—  5 

Oct  19,1888-.- 

1.3A 

-fO.4/ 

+  0.3/1 

—  9— 

—  4 

Nov.19,1881-- 

4.3A 

-fl.9i 

4-18.2/, 

—20- 

-f-  8 

Nov.12,1882.- 

l.U 

4-1. 3/ 

4-  4.  e/, 

—24=- 

—14 

Nov.    6,1883... 

0,7h 

-M.7/ 

4-  3, 1/, 

— yo--= 

—11 

Nov.  12, 1883-.- 

3.5A 

-fO.O« 

4-  3. 1/, 

—20-- 

—  9 

Nov.    5,1884... 

2.U 

-fO.32 

4-  0.5/, 

—11  — 

—  4 

Nov.23,1884.- 

1.8A 

-fl.K 

4-  3.6/, 

—27= 

—17 

Nov.24,1884... 

1.5A 

-1-2.6/ 

4-13.  0/t 

—32- 

—13 

Nov.  30, 1884.. - 

1.6A 

-f-0.2i 

-f  0.1/, 

—  6— 

—  1 

Nov.  13, 1886. - 

1.3A 

-1-0.7/ 

4-  1.2/, 

—  7— 

0 

Nov.  23, 1886... 

0.7A 

4-6.4/ 

4-36.8/, 

—22- 

4-20 

Nov.  26, 1886... 

0.2A 

40.6/ 

-f-  7.8/, 

-13    : 

—  6 

Nov.20, 1887-. 

0.7A 

4-4.0/ 

4-  6.0/, 

—14 

4-  4 

Nov.  23, 1887... 

0.8h 

4-1.8/ 

4-  3.2/, 

—12- 

—  2 

Nov.  27, 1887.- 

6.0A 

4-1.0/ 

4-  6.3/, 

— 36^^ 

—13 

Nov.   9,1888— 

4.7A 

4-2.2/ 

4-  3.6/, 

—  8= 

4-14 

Nov.  12, 1889-- 

2,  Oh 

-f2.1/ 

-f-  2.  7/1 

—14— 

0 

Dec.  21,1881— 

3.5A 

4-1.2/ 

4-  2.  3/, 

—  6= 

4-  9 

Dec,  27,1883.-- 

0.3/* 

4-2.5/ 

4-  9.0/1 

—19- 

—  5 

Dec.  13,1884.-- 

4.8A 

4-0.1/ 

4-  0.2/1 

—  6^ 

4-8 

Dcc.  31,1884-. 

3.6A 

4-0.8/ 

4-  7.  4/: 

—21— 

—  5 

Dec.    5,1885-. 

3.4A 

4-3.8/ 

4-  7.2/. 

—35— 

—10  i 

Dec.  21,1887... 

7.8A 

4-1.3/ 

-f  10.  7/1 

—21= 

4-11 

Dec.  28,1887-. 

1.2A 

4-3.3/ 

-1-11.2/, 

—21— 

—  1 

Dec.  29,1887-.. 

B.4h 

4-1.8/ 

4-  9.9/, 

—27= 

4-  2 

Dec,.  26,1888... 

l.Oh 

4-1.6/ 

4-  6. 1/, 

—10-^ 

-»-  1 

Dec.  25,1889— 

0,8A 

4-0.7/ 

4-  2.0/, 

—  8- 

4*2 

Dec.  30,1889... 

4.2A 

4-2.8/  • 

-1-26.  O/i 

—32— 

-4-    *> 

Jan.  14,1882^-. 

2.5A 

-fO.8/ 

-f  2.  i/, 

— 12^_- 

—    1 

Jan.  17,1882-. 

3.9A 

4-6.0/ 

4-37.2/, 

— 60-- 

—10 

Jan.  14,1883... 

l.5h 

4-2.0/ 

4-  6.  H/, 

—31::.- 

—17 

Jan.  18, 188:^—- 

1.9A 

-fO.5/ 

-f  1.2/, 

—29— 

—21 

Jan.  19,1883.-- 

3.6A 

+0.6/ 

4-  1.4/i 

—12= 

4-  1 

Jau.  20,1883-.. 

10.  4 A 

4-0.1/ 

4-  0.  7/, 

—17- 

412 

Jan.    6,1884-. 

11.  OA 

4-0.0/ 

-f  0.  O/i 

—10= 

-4  20 

Jan.    1,1885--. 

5.4A 

43.0/. 

4-20.  7/' 

—44= 

—  H 

Jan.  17,1885... 

4.6A 

4-0.4/ 

4-  2. 7/1 

— 19^- 

—  3 

Jan.  18,1885.- 

5.8A 

4-4.4/ 

4-18.  9/1 

—26= 

414 

Jan.  25, 1885_.. 

0.7A 

4-2.0/ 

4-  4.  0/, 

—14— 

—  4 

Jan.    9,1886... 

4.8A 

-hi.  5/ 

-f  5.6/, 

—16— 

4  5 

Jan.  17,1887... 

0.3A 

4-2.8/ 

4-10.1/1 

—23    r^ 

—  8 

Jan.  18,1887-. 

7.2A 

-f3.0/ 

4-19.  8/, 

—34= 

4  6 

Jan.    8,1888-- 

5.1A 

4-1.5/ 

-f  13.  2/, 

—28  - 

4  1 

Jan.  15,1888— 

8.4A 

4-0. 4/ 

4-  2. 5/1 

—24-^ 

* 

4  2 

Jan.  20,1888-.- 

3.0A 

-fO.3/ 

+  0.5/1 

—12= 

—  3 

Jan.    9,1889—. 

1.5A 

4-2.9/ 

4-  6.7/i 

—20= 

—  3 

Feb.  29,1880-. 

0.9A 

-1-1.1/ 

4-  4.8/, 

—20- 

—11 

Feb.  13,1881— 

1.3A 

4-3.2/ 

4-  6. 4/, 

—18— 

—  1 

Feb.  21,1882... 

3.3A 

-hO.5/ 

4-  2. 1/1 

—14= 

—  2 

Feb.    4,1883.- 

'4.9A* 

4-0.3/ 

4-  2.0/1 

—17— 

—  1 

Feb.  17, 1883-. 

1.9A 

4-2.5/ 

4-18. 0/, 

—40— 

—17 
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Obskrvation-Equationh— Continued. 


First  groap. 


Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb, 
Feb. 
Dec. 
Dec 
x^ec. 
Dec 
Dec. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 


25.1883- 
.6, 1884- 
20,1884- 
10, 1885. 

16. 1885. 
10. 1886_ 
1(5, 1886- 

26. 1886. 
1, 1887- 
4,1887. 
9,1887. 

11,  1887. 

12. 1887. 
19, 1887. 
25,1887- 
15,1888. 
16.1888. 

6,1889. 
17,1889.. 
23, 1889.. 
17.  1880- 
10,1882- 
21.1882. 
17.1885. 
10,1886- 

3,1887-. 

14,  ias7-, 

3, 1688. . 
20, 1888.. 
16,1889, 


High  pressure  to  the  northwest  of  low  |  (^^'*^^^ 


pressure. 


served. 


-I 


2.7A 
0.5h 
0.6A 
3. 5/* 
0.7* 
2.0/* 
4.0A 
1.5A 
2.0* 
3.9* 
0.7* 
1.5* 
3.7* 
0.0* 
3.9* 
4.8* 
5.8* 
2.5* 
1.0* 
3.:}* 
1.9* 
1.3* 
1.5* 
1.9* 
2.6* 
1.4* 
5.2* 
3.1* 
0.6* 
0.2* 


4-1.0/ 

+2. 1/ 
-fl.8/ 
-i-2.7/ 
4-1.  5/ 
-1-2.3/ 
-fO.4/ 
4-4.8/ 

4-1.9/ 
4-0.3/ 
-fl.6/ 
4-2.1/ 
4-3.2/ 
4-5.0/ 
4-1.8/ 
4-4.0/ 
4-0.0/ 
4  2.9/ 
+2.6/ 
4-4.0/ 
4-0. 7/ 
4-0.6/ 
4-1.6/ 
-hi.  7/ 
4-0.6/ 
4-1.7/ 
4-0.4/ 
4-0.9/ 
4-6.0/ 
4-2.3/ 


4-  4.  l/i 
-t-  8.6/i 
-f  H.  8/i 
4-24.8/, 
-f  4.5/, 
4-  3.7/, 
4-  1.3/, 
4-21. 6/i 
4-  8.9P 
4-  2.3/, 
-h  6. 1/, 
4-12.  4/, 
4-25. 9/, 
4-14. 5/, 
-h  6.5/, 
M6.  0/, 
4-  O.O/i 
4-19.  4/i 
4-11.  4/i 
4-14. 0/i 
4-  1.5/, 

4-  1.  l/i 

4-  7. 0/i 

4-  5. 1/, 

4-  2.4/, 

4-  4.9/, 

+  0.6/, 

4-  4.5/i 
-hlO.  8/, 

4-  3. 7/, 


— 15^V,' 

— 16=r 

—34= 
—38== 
—14^  = 
-11^ 
—16-^ 
—29^- 

—  8^ 
— 23^rz 

—17= 
—27= 
—38= 

—  9= 
—20= 
—37= 
—16= 
—20= 
—21  = 
—31= 

—  4= 

—  4= 
—21= 
—19= 
—12= 
—16= 
—15= 
—22= 
—20= 

—  3= 


—  2 

—  5 
—18 

—  6 

—  5 

—  1 

—  3 
4-  2 
-h  8 
—10 

—  7 

—  9 

—  4 
4-15 

0 

—  2 
0 
7 
4 
2 
4 
2 

—  8 

—  6 

—  2 

—  4 

4-  1 

—  8 

-h  6 

4-  7 


4- 


-f- 
4- 


\ 

Residuals. 

Seoond  group. 

High  pressure  southwest  of  low  pressure. 

Comp. — ob- 

served. 

Oct.  16,1886.- 

4.0* 

4-2.0/ 

+  1.8/, 

—21= 

—  3 

Oct  12,1887... 

6.0* 

4-0.0/ 

+  O.O/i 

—15=  • 

+  1 

Nov.   7,1880-- 

0.6* 

4-0.9/ 

+  1.5/i 

—14— 

—  0 

Nov.  20, 1881— 

7.1* 

4-0.4/ 

+  1.7/1 

—17= 

+  5 

Nov.  13, 1882.. - 

2.2* 

4-0.0/ 

+  0.  0/1 

—21  = 

—15 

Nov.  14. 1882..  . 

2.5* 

-f-0.  0/ 

+  O.O/i 

—17  - 

—10 

Nov.  24, 1882... 

2.4* 

4-0.  5/ 

+  0.3/i 

—  6  = 

+  2 

Nov.   7.1883... 

2.8* 

4-0.2/ 

+  0.2/' 

—10 

—  2 

Nov.lO.  1883..- 

0.2* 

4-1.1/ 

+  0.7/^ 

—  1  - 

3 

Nov.l3,1883... 

5.2* 

4-5.4/ 

+  6.5/^ 

—19= 

+16 

Nov.  15, 1883.. . 

2.4* 

4-0.0/ 

+  0.0/* 

—  8-  - 

^  1 

Nov.  27, 1883... 

2.2* 

4-1.9/ 

+  7. 2/» 

—25- 

—  9 

Nov.   7, 1885.- - 

0.5* 

4-3.9/ 

+  4.7/^ 

—  6= 

+10 

Nov.   8,1885... 

1.1* 

4-2.1/ 

+  3.  4/' 

—12= 

—  1 

Nov.  13, 1885... 

2.7* 

4-0.8/ 

+  1.7/' 

—28— 

—17 

Nov.  18, 1886... 

2.6* 

+2.4/ 

+  9.6/ 

—17  --- 

+  3 

Nov.  28, 1887— 

4.0* 

4-0.6/ 

+  4.5/ 

-31— 

—16 

Dec.    9,1880... 

3.0* 

4-0.4/ 

+  0.8/. 

—10— 

0 

Dec.  13, 1886... 

2.9* 

4-0.6/ 

+  0.  4/. 

—  3= 

+  7 

Dec  20,1887.-- 

2.3* 

4-2.4/ 

+  8.4/i 

—28= 

>— 10 

Dec  11, 1889... 

0.9* 

4-1.2/ 

+  2.9/i 

—18= 

—10 

Jan.  15,1881... 

2.1* 

+1.4/ 

+  6.3/, 

—27— 

—13 

Jan.  24, 1887... 

1.8* 

+1.7/ 

+  7.8/i 

—18— 

—  3 

Mar.   4.1881... 

0.5* 

+2.4/ 

+  4.3/, 

—  8= 

+  3 

Mar.  21, 1886... 

0.0* 

+5.1/ 

+10. 2/i 

—13= 

+  9 
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Observation — EquATioxa — Continued. 


Third  group. 

Low  aredfl  of  premure  with  small  areas 
of  high  premure. 

Residuals. 
Comp. — ob- 
served. 

Nov.  26, 1883.- . 

O.Oh 

-1-3.1/ 

+12.  4/i 

—31— 

—14 

Dec  29, 1889... 

O.Oh 

-3.8/ 

+  7.  6/i 

—28- 

—12 

Jan.21,  leST-.- 

O.Oh 

-t  6. 1/ 

+18.  O/i 

— 16r-. 

M3 

Jan.SO.lSS?... 

O.Oh 

+2, 1/ 

+  4.0/1 

—19^ 

—10 

Jan.    1,1888--- 

O.Oh 

-f3.9/ 

+15.  6/i 

— 26-rr 

—  3 

Jan.  17,1889... 

O.Oh 

-f6.8/ 

-H3.  Oil 

—28- 

•    1 

Feb.    8,1885..- 

0.3/» 

']  2. 0/ 

+  4.0/i 

—16-. 

'       —  7 

Feb.  19,  ISST-.- 

O.OA 

-f  5. 0/ 

+  14.7/1 

-  9- 

+15 

Feb.  20, 1888..> 

0.4/1 

-f6.0/ 

+  5.8/1 

22 

-1-  1 

Feb.  26, 1888-.. 

O.Oh 

+5.9/ 

+11.8/1 

—19— 

+  6 

Mar.  12, 1884... 

O.Oh 

+5.0/ 

+  19.5/1 

—20--=^ 

-t    6 

The  normal  equations  from  these  are: 


(1347A)+   442/   +      200l/i  —6192  =0 

442A  +(842/)  +     2829/1   —5411  ^0 

2001^+2829/   +  (12800/0 —21410— 0 


The  solntion  of  these  gives — 


A  =2.75 
/  =3.15 

/,  -_^  0. 547 


The  substitution  of  these  values  of  the  factors  gives  the  residuals  as  above. 
The  probable  error  of  a  computed  extent  of  cold  wave  as  derived  irom  the  above  re- 
siduals is  :i:5.  4. 

The  formula  then  for  computing  the  extent  of  cold  wave  is  as  follows: 

2. 75  H  ~\-  3. 15  L  +  0. 547  L  F  =  extent  of  cold  wave, 

H  and  L  being  the  extent  of  high  and  low  area  and  F  one-tenuth  of  the  isothermal 
number. 

The  results  of  this  computation  are  not  on  the  whole  very  bad,  althonich  the  residuals 
are  by  no  means  entirely  satisfactory.  The  values  found  for  the  iactors  A.  /,  and  /i  will 
however  be  adopted,  as  some  methodical  plan  for  the  forecasting  of  cold  waves  is  neces- 
sary. 

An  examination  of  the  maps  preceding  the  cold  waves,  in  connection  with  these 
residuals,  shows  the  necessity  of  taking  into  account  not  only  the  extent  ot  pressure 
over  the  areas  of  high  and  low  pressure,  but  also  their  relative  positions  with  respect 
to  the  areas  of  low  and  high  temperature.  Improvements  can  doubtless  he  made  by 
the  addition  of  terms  expressive  of  varying  pressure  gradients  throughout  the  areas  of 
high  and  low.  The  method  of  expressing  the  isothermal  number  fsives  a  good  result 
and  is  quite  satisfactory  for  casen  where  the  areas  between  isotherms  are  long,  narrow 
strips  on  the  map,  extending  Irom  southwest  to  northuist  at  nearly  equal  distances 
anart.  This  is  the  most  important  case  in  the  occurrence  of  cold  waves.  Under  such 
circumstances  the  cold  waves  are  usually  large.  This  does  not  do  well,  however,  for  a 
type  of  isotherm  like  that  of  December  20,  1881,  where  the  isotherms  are  spread  out 
fan-shaped  on  both  sides  of  the  Kreatest  temperature  gradient  spreading  on  one  side 
towards  the  northeast,  and  on  the  other  side  towards  the  southwest  irom  a  line  joining 
the  center  of  the  low  with  the  center  of  the  high. 

To  improve  this  method  of  deriving  the  extent  of  temperature  fall  in  a  prospective 
cold  wave  one  supposition  and  then  another  can  be  tried  until  somethioK  is  Ibund  that 
gives  a  more  satisfactory  set  of  residuals.  In  the  five  trjals  that  were  made  before  the 
adoption  of  the  method  given  above,  there  was  a  constant  improvement  in  the  residuals. 
It  is  thought  that  a  great  improvement  can  be  made  by  a  separation  of  the  efiects  due  to 
the  excess  or  defect  of  pressure  above  or  below  certain  isobars,  instead  of  putting  in  the 
pressure  effects  of  the  high  and  low  each  as  a  whole,  as  has  beeiv  done  in  the  method 
adopted. 
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The  various  methodH  tried  seem  td  indicate  that  the  extent  of  temperature  fall,  -dne 
to  the  high  area  of  pressure,  is  caused  by  the  intermixture  of  upper  and  lower  air.  The 
high  area  has  only  a  limited  power  to  cause  temperature-fall  to  the  southeast  of  it,  as 
compared  with  an  equal  extent  of  prf>ssnre  deficiency  in  a  low  area.  A  very  consider- 
able part  of  the  excess  of  pressure  in  a  high  area  is  the  result  of  the  low  temperature 
within  its  borders.  * 

This  method  of  determining  the  extent  of  a  cold  wave  is  open  to  the  objection  that 
the  extent  of  a  tempera  ture-liall  in  a  cold  wave,  if  viewed  as  the  result  of  a  certain  phase 
of  isobar  or  isotherm,  may  not  have  produced  its  entire  effect  alter  the  lapse  of  twenty- 
four  hours.  Moreover,  any  phase  of  isobar  as  it  occurs  at  7  a.  m.  must  have  existed 
for  some  time  previously,  even  if  only  for  a  few  hours,  and  consequently  it  must  have 
had  its  effect  in  producing  temperature- fall  during  that  time.  The  method  adopted  of 
measuring  the  extent  of  temperature-fall  may  then  have  given  a  result  too  low.  But 
for  the  average  of  cases  it  is  presumed  the  error  will  not  be  great. 

The  presence  of  a  large  area  of  temperature-fall  on  a  map,  coincident  with  a  phase  of 
isobar  favorable  to  a  prospective  fall  of  temperature,  is  one  of  the  best  indications  that 
the  fall  may  be  ex  pected  to  continue.  But  what  part  of  the  extent  of  fall  already  achieved 
is  due  to  the  current  phase  of  isobar  it  is  impossible  to  determine. 

MAXIMUM  FALL  OF  TEMPEBATUEE  IN  A  COLD  WAVE. 

An  examination  of  the  weather  maps  in  217  cases  preening  cold  waves  shows  that  the 
greatest  fall  of  tempen>tnre  occurred  in  134  cases  within  the  lowest  isobars  of  the  low 
area  within  about  75  or  100  miles  of  the  actual  center  of  low  pressure.  In  62  cases  the 
maximum  fall  was  south  of  center  of  low  area  200  miles  or  more;  in  8  cases  it  was 
north  of  center;  in  4  cases,  west  of  center;  in  3  cases,  east  of  center;  and  in  6  cases  so 
remote  from  center  as  to  have  no  apparent  connection  with  it. 

In  at  least  80  per  cent,  of  the  cases  of  all  cold  waves  the  place  of  maximum  fall  of 
temperature  can  be  located  beforehand  some  place  within  100  miles  of  its  true  place  by 
taking  it  at  the  place  of  highest  temperature  within  a  distance  of  100  miles  of  the  center 
of  the  low  pressure,  near  the  place  of  greatest  temperature  gradient,  near  the  turning 
points  or  crests  of  the  highest  isotherms,  or  in  the  mean  of  the  position  of  these  three 
places. 

The  magnitude  of  the  maximum  temperature-fall  in  a  cold  wave  is  conspicuously  de- 
pendent on  the  magnitude  of  the  temperature  gradient  on  the  weather  map  prt^ceding 
it.  Of  the  various  methods  tried  for  determining  the  amount  of  fall  the  following  was 
found  to  be  the  best: 

Draw  a  line  Irom  the  selected  point  of  greatest  prospective  fall  of  temperature  perpen- 
dicular to  the  isotherms  where  they  are  closest  together  on  the  map  preceding  the  cold 
^ave.  Measure  the  distance  from  each  isotherm  to  the  place  of  greatest  fall.  This 
line  will  be  cK)mposedof  a  series  of  sections  included  between  the  isotherms.  The  tem- 
I>erature  at  the  place  of  greatest  temperature- fall,  after  the  cold  wave  prevails,  will  be 
the  weighted  mean  of  the  mean  temperature  along  the  various  sections  of  the  line,  the 
weights  being  directly  as  the  lengths  of  the  sections  and  inversely  as  the  distances  from 
the  center  of  the  sections  to  the  point  of  greatest  fall.  The  mean  of  the  highest  tem- 
perature, or  temperature  at  point  of  greatest  prospective  fall  of  temperature,  and  of  the 
temperature  at  the  first  isotherm  taken  into  account  is  given  a  weight  of  one.  The  mean 
temperature  of  a  section  is  the  mean  of  its  bounding  isotherms.  Only  the  isotherms  be- 
yond a  distance  of  200  miles  from  the  point  of  greatest  prospective  fall  are  taken  into 
account  in  forming  this*mean. 

The  following  is  an  example  of  the  computation  of  the  greatest  fall  of  temperature  in 
the  cold  wave  of  February  12,  1887:  On  the  weather  map  of  February  11  the  distances 
from  the  point  oT  greatest  temperature-fall  on  the  day  following  to  the  various  isotherms 
were  as  follows:  Colunilms,  Ohio,  temperature,  63^;  distance  to  the — 30°  isotherm,  1,100 
miles;  to  the  —20°  isotherm,  800  miles;  to  the —10°  isotherm,  690;  to  the  0°  isotherm, 
500;  to  the  10°  isotherm,  380;  to  the  20°  isotherm,  270.  The  leugthsof  the  various  sec- 
tions, their  mean  tempeiatures,  and  distances  ol  centers  from  the  point  of  highest  tem- 
perature are  as  follows: 
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February  11,  1887. 


Distances  between 
isotherms. 


«»         °     Miles, 
— 30  to  60, 1,100.- - 
—20  to  60,     800.__. 

10  to  60,     690 

0to60,     500 

10  to  60,     380. ... 
20  to  60.     270.-.. 
.    (20-63) 

Snms . 

Mean  temperature  _ . 
Fall  of  temperature  . 


Mean  tern- 

perature  ol 

section. 


Center  of  sec- 
Length  of.    tion  from 
section.         point  of 
greatest  fall. 


Assigned 
•  weight. 


—25'' 

—15° 

—  5 

5 

15 

42 


Miles, 


Miles, 


300 
110 
190 
120 
110 


950 
750 
590 
440 
360 


.32 
.15 
.32 
.27 
.31 
1.00 
2.37 


Mean 

temp.  X 

weight. 


— ao 

—2.2 
—1.6 
H  1.4 

+  4.7 

42. 

36.  3 

15.3 

—47.7 


In  Table  X,  the  computed  and  observed  greatest  temperature-falls  are  given  for  a  great 
many  cold  waves. 

Column  1  gives  the  date  of  the  occurrence  of  low  temperature;  column  2  gives  the 
place  of  greatest  fall;  column  3  gives  the  high  temperature  at  the  place  of  greatest  fall; 
column  4  gives  the  observed  greatest  fall ;  column  5  gives  the  computed  fall  of  temper- 
ature: column  6  gives  the  extent  of  temperature- fall  in  cold  wave,  including  allowance 
for  all  lall  of  temperatnre  inclosed  by  the  10°  tern  perature- fall  line. 

It  is  worthy  of  note  that  the  temperatnre  at  place  of  greatest  fall  as  computed  by  the 
method  described  is  very  nearly  the  mean  temperature  throughout  the  area  of  high  and 
low  pressure.     This  mean  is  given  in  column  8  of  T  able  IX. 

Table  X. — Comparison  of  Observed  and  Computed  Greatest  Temper aturb- 

FALLs  IN  Cold  Waves. 


Oct  4. 
Oct.  16, 
Oct.  15, 
Oct.  8, 
Oct.  22, 
Oct.  20, 
Oct.  15, 
Oct  16, 
Oct  20, 
Oct  9, 
Oct  23, 
Oct  2, 
Oct  19, 
I^ov.  7, 
Nov.  19, 
Nov.  20, 
Nov.  12, 
Nov.  13. 
Nov.  14, 
Nov.  24, 
Nov.  6, 
Nov.  7, 
Not.  10, 


1882. 

1882- 

1883. 

1884. 

1884- 

1885. 

1886. 

1886. 

1886. 

1887. 

1887. 

1888. 

1888. 

1880. 

1881. 

1881. 

1882. 

1882. 

1882, 

1882 

1883. 

1883. 

1883. 


Detroit.  Mich . 

Yankton.  S.  Dak 

Boston,  Mass 

Dodge  City,  Kans _-. 

Keokuk,  Iowa 


Minuedoaa,  Man 

Boston.  Mass 

North  Platte,  Nebr 

Concordia,  Kans 

Fort  Custer,  Mont 

Rapid  City,  8.  Dak 

Concordia,  Kans 

Montgomery,  Ala 

Denison,  Tex 

Kuoxville.  Tenn 

FortElliott,  Tex 

Shreveport,  I^ 

Atlanta,  Ga 

Chicago,  l\l._. 

Kansas  City.  Mo 

Columbus,  Ohio 

Alpena,  Mich 1.^.. 


^AvnYwr- 

Observed 

Computed 

Observed 

n  f'11  f o 

tempera- 

tempera- 

extent of 

UblilC 

ture-fall. 

ture-fall. 

cold  wave. 

o 

• 

0 

o 

65 

—23 

—20 

12.3 

62 

—27 

-26 

9.7 

71 

—29 

—30 

10.7 

63 

—3(1 

—28 

14.4 

63 

—23 

—21 

4.6 

63 

—23 

—25 

7,4 

59 

—23 
—26 

20.3 

65 

—20 

21.0 

58 

—27 

—25 

6.8 

64 

—20 

—25 

4.6 

34 

—22 

8.0 

60 

—28 

—17 

17.8 

62 

—28 

25 

9.3 

67 

—31 

—37 

14.0 

70 

—-42 

—41 

20.1 

66 

—38 

— :$:} 

16.8 

70 

—46 

—35 

24.1 

68 

—32 

—41 

21.1 

64 

^—33 

—30 

16.2 

39 

18 

—10 

6.0 

65 

29 

—25 

19.6 

55 

—21 

—21 

10.4 

45 

—12 

—10 

1.3 
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Table  X.— Comparison  of  Orskrvkd  and  Computkd  Greatest  Temperatitre- 

FALi^  IN  Cold  Waves — Continued. 


Date. 


Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Dec 
Dec 
Dec. 
Dec. 
Dec. 
Dec. 
Dec 
Dec. 
Dec. 
x/ec. 
Dec 
Dec. 
Dec 
Dec 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan« 


12, 
13, 
l.\ 
27, 
5, 
6, 
23, 
24, 
30. 
7, 
8, 
13, 
13, 
18, 
23, 
26, 
20, 
23, 
27, 
28, 

9, 
12, 
28, 

9, 
21, 
27, 
13, 

31, 

Of 
20, 

21, 

28, 
29, 
25, 

11, 
25. 

3U, 
12, 
21, 
15, 

14, 
17, 
H. 

IH, 

20, 

6. 

1», 

1, 
17, 

18, 
25, 

9, 
17, 
IH. 
21. 
24, 


1883. 

I8a3. 

1883. 

1883. 

1884. 

1884. 

1884. 

1884. 

1884. 

1885. 

1885. 

1885. 

1686. 

1886. 

1886. 

1886. 

1887. 

1887. 

1887. 

1887. 

1688. 

1889. 

1889 

1880. 

1881. 

18«3. 

1884. 

1884. 

I8a5. 

1887. 
1887. 
1887. 
1887. 
1K88. 
1889- 
1889. 
1889. 
1880. 
1880. 
1881. 
1882. 
1882. 
1883. 
1883. 
18a3. 

188:^. 

1884. 

1884- 

1885. 

1885. 

1885. 

1885. 

IH86. 

1887 

1887. 

1887, 

li387. 


Place. 


Nashville,  Tenn 

Savannah,  €rA.. . 

Lynchburg,  Va 

Louisville^  Ky 

.._  do .-- 

Boston,  Mass 

Kansas  City,  Mo 

Indianapolis,  lod 

Dodge  City,  Kans 

Lamar,  Mo 

Columbus.  Ohio 

Fort  Smith,  Ark 

Chattanooga,  Tenn 

New  Orleans,  La 

Kansas  City,  Mo 

Charleston,  8.  C 

St.  Louis,  Mo.- --. 

Fort  Sully,  S.  Dak 

Concordia,  Kans 

Cincinnati,  Ohio. 

Vicksburg,  Miss    

Fort  Elliott,  Tex 

Mobile.  Ala. 

Louisville,  Ky 

Denison,  Tex-_ 

Des  Moines,  Iowa . 

Atlanta,  Ga _. 

Palestine,  Tex __ 

Kansas  Citv,  Mo 

North  Platte,  Nebr 

St.  Louis,  Mo.  - 

Kansas  City,  Mo  . ._- 

Wilmington,  N.  C _. 

Des  Moines,  Iowa 

Springfield,  Mo 

Des  Moines,  Iowa 

Chicago,  111 

Madison,  Wis 

Nashville,  Tenn.™ 

Burlington,  Vt 

Milwaukee,  Wis 

Denison,  Tex ._.. 

Shreveport,  La 

Daven port,  Iowa .  

Dodge  City,  Kans 

Corpus  Christi,  Tex 

Charleston,  S.  C 

Omaha,  Nebr 

Parry  Sound,  Out 

Montgomery,  Ala 

Norfolk,  Va  ...  - 

Kansas  City,  Mo 

Montgomery,  Ala 

I^amar,  Mo 

Chattanooga,  Tenn 

La  Crosse,  Wis . 

Kuoxville,  Tenn 


Temper- 
ature. 


63 
69 
49 
63 
58 
54 
52 
56 
38 
64 
63 
63 
60 
74 
61 
68 
46 
28 
32 
68 
68 
40 
64 
36 
54 

:n 

64 
64 
50 
30 
42 
32 
60 
52 
62 
60 
60 
51 
.58 
37 
35 
60 
60 
28 
22 
67 
40 
37 
47 
68 
70 
31 
47 
53 
58 
37 
63 


Observed 
tempera- 
«tnrei-6tl]. 


Computed 
tempera- 
ture-fiiU. 


—29 

—26 

—23 

—30 

—21 

—21 

—40 

—44 

—11 

—29 

—23 

—34 

—28  ' 

—39  ! 

—41   I 

—33  I 

—30  1 

—28  ' 

—42 

—58 

—24 

—18 

—24 

—25 

22  ' 

-45' 
—26  I 

-41  j 

—48 
—42 
—42 
—32 
—32 
—26 
-34 
—44 
—41 
—21 
—45 
—35 
—44 
—34 
—23 
—38 
—45 
—32 
—41 
— 45 
—4.5 
—45 
—31 
-r-39 
—42 
—40 
—40 
—29 


—23 

—26 
—17 
—42 
—16 


—22 
—32 
—  8 
—18 
—20 
—27 
—22 
—45 
—28 
—31 
—25 
—17 
—43 
—55 
—26 
—16 
—34 
—28 
-14 
—36 

— :« 

—48 
—18 


-29 
—38 
—48 
—27 
—27 
— :i5 
—36 
—28 
—22 
—23 
—30 
—44 
—36 
—21 
—27 
—50 
—40 
—28 
—32 
—45 
—51 
—21 
—40 

— ;« 

—44 
—21 
—28 


Observed 

extent  of 

cold  wave. 


20.2 
19.2 

7.8 
25.4 
11.0 

6.7 
26.8 
31.5 

5.6 

6.3 
12.4 
27.5 

6.8 
16.6 
22.1 
13.0 
13.8 
12.2 
36.5 
31.2 

7.8 
14.2 
19.7 

9.8 

5.8 
19.4 

6.1 
20.7 
34.8 
27.6 
21.2 
21.3 
26.7 

9.5 
18.1 

8.4 
31.8 
31.4 

3.1 
26.7 
12.1 
59.9 
31.4 
28.8 
12.5 
17.2 
10.4 
31.1 
43.6 
18.8 
26.3 
14.4 
16.4 
23.4 
34.2 
16.4 
18.1 
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TABJjM  X — GOMPABISOH  OF  OBSEBYED  AND  COMPUTED    GbSATEST   TEMPSBATUBB- 

jALifi  IN  CJoLD  Waves— CoDtinued. 


Bate. 


Jan.  30, 
Jan.  1, 
Jan.  8, 
Jan.  15f 
Jan.  20, 
Jan.  9, 
Jan.  17, 
Feb.  14, 
Feb.  28, 
Feb.  29, 
Feb.  13, 
Feb.  21, 
Feb.  4, 
Feb.  17, 
Feb.  25, 
Feb.  6. 
Feb.  20, 
Feb.  8, 
Feb.  10, 
Feb.  11, 
Feb.  16, 
Feb.  10, 
Feb.  16, 
Feb.  26, 
Feb.  1, 
Feb.  4, 
Feb.  9, 
Feb.  11, 
Feb.  12, 
Feb.  19, 
Feb.  25, 
Feb.  15, 
Feb.  16, 
Feb.  20, 
Feb.  26, 
Feb.  6, 
Feb.  17, 
Feb.  23, 
Mar.  17, 
Mar.  4, 
Mar.  10, 
Mar.  21, 
Mar.  19, 
Mar.  12, 
Mar.  17. 
Mar.  10, 
Mar.  13, 
Mar.  21, 
Mar.  3, 
Mar.  14, 
Mar.  3, 
Mar.  20, 
Mar.  16, 
Oct.  17, 
Oct.  27, 
Oct.  5, 
Oct  13, 


1887_- 

18«8- 

1888.- 

1888- 

1888.. 

1889.. 

1889-- 

1880.. 

1880.. 

1880- 

1881 -. 

1882.. 

1883.- 

1883.- 

1883.. 

1884.. 

1884.. 

1885- 

1885- 

1885.. 

1886- 

1886.. 

1886.. 

1886.. 

1887.. 

1887- 

1887. 

1887- 

1887- 

1887- 

1887.. 

1888- 

1888- 

1888- 

1888- 

1889- 

1889- 

1889- 

1880.. 

1881.. 

1882.. 

1882- 

1883.- 

1884- 

1885- 

1886- 

1886.. 

1886.. 

1887.. 

1887- 

1888.. 

1888- 

1889. _ 

1880.. 

1880.. 

1881.. 
1881- 

11945 


Place. 


Tankton,S.  Dak 
Palestine,  Tex... 

.—do 

...do 


Cheyenne,  Wyo 

Palestine,  Tex :.. 

St.  PanL  Minn 

Chattanooga,  Tenn . 
Fort  Elliott,  Tex... 

St  Lonis,  Mo 

Lynchbnrgh,  Ya  — 

Memphis,  Tenn 

Shreveport,  La 

Keokuk,  Iowa 

Lamar,  Mo 

Pittsburgh,  Pa 

Dayenport,  Iowa 

Kansas  City,  Mo — 

NashTille,  Tenn 

Cape  Henry,  Va 

St.  Louis,  Mo 

Springfield,  Mo 

I^oxYille,  Tenn .  — 
Parry  Sound,  Out .. 
Fort  Elliott,  Tex.— 

Palestine,  Tex 

Alpena,  Mich 

Lamar,  Mo 

Columbus,  Ohio 

Louisville,  Ky 

Rockliffe,Ont... 

Kingston,  Ont 

Boston,  Mass 

Dubuque,  Iowa 

Toledo,  Ohio 

Port  Huron,  Mich.. 

Palestine,  Tex 

Erie,  Pa 

Atlanta,  Ga 

Chattanooga,  Tenn. 

Memphis,  Tenn 

Fort  Smith,  Ark — 
Kansas  City,  Mo . .. 
Fort  Smith,  Ark  .  .. 
Cincinnati,  Ohio  ... 

Shreveport,  La 

Davenport,  Iowa... 
Indianapolis,  Ind... 

St.  Louis,  Mo 

Cincinnati,  Ohio ... 

St.  Louis,  Mo 

Keokuk,  Iowa. 

Springfield,  Mo 

Columbus,  Ohio  —  . 

Toledo,  Ohio 

Pittsburgh,  Pa 

Kansas  City,  Mo  .. 

BIG 10 


Temper- 
ature. 


30 
64 
68 
48 
34 
56 
38 
66 
48 
62 
59 
66 
68 
60 
50 
60 
45 
36 
62 
64 
40 
51 
58 
33 
45 
67 
46 
63 
63 
58 
21 
34 
38 
42 
48 
36 
56 
32 
61 
58 
64 
66 
53 
66 
30 
50 
30 
59 
60 
54 
60 
56 
54 
65 
54 
68 
69 


Observed 
tempera- 
ture-iall. 


—42 

—40 
—48 
—44 
—42 
—26 
—32 
—30 
—41 
—42 
—31 
—30 
—42 
—60 
—24 
—21 
—42 
—22 
—44 
—50 
—39 
—20 
—33 
—40 
—40 
—42 
—38 
—54 
—44 
—25 
—43 
—42 
—40 
—27 
—34 
—46 
—28 
— 40 
—26 
—30 
—21 
—30 
—38 
—32 
—21 
—20 
—15 
—27 
—27 
—30 
—36 
—40 
—22 
—26 
—16 
—24 
—28 


Computed 
tempera- 
ture-fall. 


—36 
—41 
—42 
—36 
—29 
-27 
—17 
—35 
—28 
—35 
—37 
—34 
—58 
—44 
—20 
—31 
—40 
—15 
—45 
—47 
—30 
—14 
—35 
—40 
—41 
—58 
—30 
—61 
—47 
—22 


-^33 
—26 


—27 

—40 
—36 
—34 
—40 
—25 
—26 
—32 
—38 
—40 
—27 
—34 
—11 
—24 
—31 
—30 
—46 
—22 
—28 
—19 
—13 
—16 
—20 


Observed 

extent  of 

cold  wave. 


18.9 
26.0 
27.7 
23.8 
12.2 
19.9 
27.9 
10.4 
13.5 
19.6 
17.6 
14.0 
16.8 
40.1 
15.2 
16.5 
33.6 
16.0 
38.2 
31.6 
13.9 
11.4 
16.0 
28.9 

7.5 
2:i.4 
16.7 
26.8 
38.2 

8.6 
20.1 
36.8 
16.2 
21.6 
19.1 
20.1 
21.4 
31.5 

3.5 

7.8 

3.7 
21.1 
34.8 
20.3 
18.6 
12.3 

5.2 
12.8 
15.6 
15.3 
22.4 
19.9 

2.7 
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Tablk  X.— Cohpabisok  of  Obsebybd  akd  Computed  Greatbst  Temperatubb- 

FALUS  IN  Cold  Waves — Continned. 


Bute. 


Oct. 
Oct. 
Oct 
Oct. 
Oct. 
Oct 
Oct 
Oct 
Oct 
Oct 
Oct 
Oct 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
.Nov. 
Nov. 
Dec. 
Dec 
Dec. 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec. 
Dec 
Dec 
Dec 
x^ec 
x^ec 
Dec 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
J»0* 


30, 
14, 
14. 

4, 
14, 
16, 
21. 

5, 
12, 

3, 
20, 

2. 
11, 
19, 
13. 

18, 
24, 
16. 

2, 
14, 

4, 
10, 

3, 

17. 
14, 

6. 
17. 

5, 
14, 

3, 

8, 
15, 

8, 

9, 
31. 

6, 
19, 

11, 
26, 

6, 
15, 

16, 
12, 
13, 
7, 
6, 
10, 

18, 

3, 

14, 

22, 

9. 
10. 
12. 
19, 

i2, 


1881- 
1882. 
1883. 
1885- 
1886. 
1886- 
1886. 
1887. 
1887- 
1888. 
1888. 
1889. 
1880- 
1880- 
1881. 
1881- 
1882- 
1883. 
1885. 
1885- 
1886. 
1887. 
1888- 
1888- 
1889. 
1680- 
1880. 
1881- 
1881- 
1882. 
1882. 
1882. 
1883. 
1883- 
1883- 
1884- 
1884- 
1885- 
1885. 
1886- 
1886.. 
1886.. 
1887- 
1887., 
1888- 
1880. 
1880- 
1880. 
1881- 
1881-, 
1881. 
1882- 
1882.. 
1883- . 
1883.. 

•i009«< 


Place. 


Dee  Moines,  Iowa 

LonisvUle,  Ky 

St  Lonis,  Mo 

Indianapolis,  Ind 

Kansas  City,  Mo  1.. 

Albany,  N.  Y 

Marqnet te,  Mich 

Nashville,  Tenn 

Atlanta,  6a 

Chattanooga,  Tenn 

Fort  Smith,  Ark 

Cincinnati,  Ohio 

Cairo,  111 

New  York  City. 

Cincinnati,  Ohio 

Kansas  City,  Mo 

Chicago,  111 

.—do 

Cincinnati,  Ohio 

Washington  City 

Sandusky,  Ohio 

St.  Louis,  Mo 

Indianapolis,  Ind 

Washington  City 

Indianapolis,  Ind 

Louisville,  Ky 

Albany,  N.  Y 

Montgomery,  Ala i 

St  Louis,  Mo . 

Cleveland,  Ohio    

Wilmington,  N.  C 

Keokuk,  Iowa 

La  Crosse,  Wis 

Columbus,  Ohio 

Palestine,  Tex 

Shreveport,  La 

Wilmington,  N.  C 

do 

Pittsburgh,  Pa 

Jacksonville,  Fla 

Omaha,  Nebr 

Pensacola,  Fla 

La  Crosse,  Wis 

Lynchburgh,  Va 

do 

Washington  City 

La  Crosse,  Wis 

Indianapolis,  Ind 

Des  Moines,  Iowa 

Fort  Sill,  Ind.  T 

Fort  Smith,  Ark 

Louisville,  Ky . 

Washington  City 

Augusta,  Ga 

Dodge  City,  Kans 

Mobile,  Ala 


55 

67 
58 
59 
69 
63 
66 
56 
62 
62 
68 
60 
58 
46 
60 
61 
39 
15 
49 
54 
53 
52 
68 
50 
50 
60 
36 
59 
60 
40 
50 
25 
50 
45 
66 
57 
53 
62 
32 
53 
42 
58 
24 
46 
42 
50 
49 
65 
23 
57 
28 
57 
45 
36 
22 
58 


Observed 
tempera- 
ture-fall. 


—15 
—16 

—15 
—18 
—16 
—26 
—30 
— f2 
—20 
—14 
—30 
—12 
—16 
—23 
—17 
—36 
—18 

—  5 
—13 
—21 
—15 
—12 
—26 
—14 
—12 
—38 
—17 
—14 
—30 
—17 
—33 
—20 
—26 
—15 
—33 
—12 
—35 
—26 
—11 
—24 
—,".8 
—30 
—22 
—16 
-18 
—12 
—31 
—19 
—24 
—50 

—  8 
—23 
—15 
—13 
—^8 
—28 


Computed 
tempera- 
ture-falL 


Observed 

extent  of 

cold  wave. 


—  9 
—10 
—11 
—12 
—16 
—18 
—23 
—12 
—15 
—16 
—27 
—10 
—13 
—13 
—17 
—34 

—  9 

—  8 

—  8 
—16 
—10 
—15 
—18 
—15 
—13 
—43 
—13 
—13 
—27 
—15 
—25 
—15 
—21 
-10 
—.32 
—12 
—37 
—24 
—14 
—'22 

—  6 
—25 
—21 
—13 
—10 
—15 
—26 
—23 
—12 
—50 

—  5 
—16 
—12 
—17 
—30 
—32  |. 
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Table  X.— Oompabison  op  Obskbvsd  and  Computed  Gbbatbst  TbmpsbatcbE' 

FALLS  IN  Cold  Waves— Continned. 


Date. 


Jan.  15, 
Jan.  3, 
Jan.  26, 
Jan.  22, 
JaD.  2, 
Jan.  11, 
Jan.  2, 
Jan.  6, 
Jan.  14, 
Jan.  5, 
Feb.  8. 
Feb.  9, 
Feb.  26, 
Feb.  17, 
Feb.  20, 
Feb.  9, 
Feb.  10, 
Feb.  18, 
Feb.  14, 
Feb.  15. 
Feb.  17, 
FeK  5, 
Feb.  22, 
Feb.  6, 
Feb.  9, 
Feb.  18, 
Mar.  8, 
Mar.  28, 
Mar.  9, 
Mar.  27, 
Mar.  11, 
Mar.  3, 
Mar.  24, 
Mar.  10, 
Mar.  7, 
Mar.  17, 
Mar.  12, 
Mar.  13, 
Mar.  1, 
Mar.  15, 


1884. 

1885- 

1885- 

1686- 

1887. 

1887- 

1888- 

1888. 

1888- 

1889- 

1880- 

1880. 

1880- 

1881- 

1881- 

1882. 

1882. 

1883. 

1884 

1885- 

1885. 

1886. 

1887- 

1888- 

1889. 

1889. 

1880- 

1880- 

1881. 

1881. 

1882- 

1883. 

1883. 

1884- 

1885. 

1886- 

1888. 

1888. 

1889- 

1889. 


•. 


Place. 


Temper- 
ature. 


Washington  City 

Charlotte,  N.  C 

Columbus,  Ohio 

Erie,  Pa 

Wilmington,  N.  C 

Washington  City 

KnoxTiUe,  Tenn 

Philadelphia,  Pa 

Toledo,  Ohio 

St.  Louis,  Mo 

Pittsburgh.  Pa 

St  Paul,  Minn _. 

Chicago,  111 

Pittsburgh,  Pa 

Norfolk,  Va 

Shreveport,  La 

Nashville,  Tenn 

Washington  City 

Cincinnati,  Ohio 

Kansas  City,  Mo 

Toronto,  Ont 

Charlotte,  N.  C 

Fort  Smith,  Ark 

Chicago,  111 

Memphis,  Tenn._- 

Palestine,  Tex 

Alpena,  Mich 

St.  Louis,  Mo 

Keokuk,  Iowa. 

Augusta,  Ga 

New  York  City 

Pittsburgh,  Pa  ._. 

Nashville,  Tenn 

Wilmington,  N.  C 

St.  Jjouis,  Mo 

Lynchburgh,  Va 

Charleston,  S.  C 

New  Yprk  City 

Palestine,  Tex 

Concordia,  Kans 


Observed 
tempera- 
ture-fall. 


33 
22 
30 
37 
59 
25 
54 
38 
40 
40 
35 
30 
54 
36 
65 
60 
56 
60 
55 
19 
29 
21 
43 
24 
46 
56 
34 
61 
34 
62 
60 
54 
43 
61 
42 
55 
60 
24 
62 
52 


—15 

—U 

—22 

—21 

—34 

—13 

—30 

—12 

—36 

—10 

—23 

—40 

—15 

—16 

—32 

—20 

—18 

—30 

—35 

—11 

—40 

—14 

—11 

—18 

—12 

—28 

—30 

—19 

—11 

—22 

—15 

—26 

—13 

—23 

—11 

—17 

—24 

—18 

—16 

—28 


Computed 
tempera- 
ture-fall. 


I 


—17 

—  3 

—27 

—23 

—31 

—11 

—24 

—21 

—35 

—14 

—24 

—27 

—22 

—15 

—30 

—20 

—19 

—31 

—32 

—13 

—31 

—19 

—19 

—20 

—13 

—28 

—18 

—17 

—10 

—23 

—14 

—24 

—19 

—27 

—11 

—16 

—26 

—18 

—13 

—27 


Observed 

extent  of 

cold  wave. 


This  method  of  computing  the  greatest  fall  is  on  the  whole  quite  satisfactory,  and  is 
well  adapted  for  use  on  account  of  its  simplicity.  A  more  accurate  method  could  be 
devised  involving  consideration  of  pressure  gradient  and  prospective  'extent  of  cold 
wave,  but  its  complexity  would  detract  from  its  practical  value.  This  method  is  only 
to  be  used  for  computing  a  temperature-fall  when  there  is  a  gradient  of  pressure  of  at 
least  0.5  of  an  inch  in  500  miles,  extending  over  a  distance  of  at  least  500  miles. 

When  the  temperature  gradienta  are  comparatively  slight,  there  being  only  three  or 
four  isotherms  from  the  center  of  low  pressure  for  a  distance  of  600  miles  towards  the 
northwest,  the  computed  temperature-fall  by  the  adopted  rule  is  apt  to  be  less  than  the 
actual  fall  in  some  instances.  This  corresponds  to  the  cases  referred  to,  in  compnting 
the  extent  of  cold  wave,  where  the  extent  of  fall  in  temperature  depends  not  only  on 
the  closeness  of  the  isotherms,  but  also  independently  of  the  isotherms  on  the  extent  of 
low  pressure.  In  this  case,  instead  of  computing  the  fall  by  the  method  described,  it 
has  been  taken  as  five-sixths  of  the  difference  in  temperature  from  the  center  of  the  low 
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area  for  a  dbtanoe  of  500  miles  towards  the  northwest,  where  the  whole  difference  in 
temperature  in  that  distance  is  not  more  than  30^. 

This  method  does  not  provide  for  the  cases  where  the  g;reatest  fall  of  temperature  is 
not  near  the  center  of  the  low.  But  even  if  the  yicinity  of  actual  greatest  fall  is  not  hit 
npon,  the  temperatnre-&U  computed  will  approximate  closely  to  the  actual  £U1  at  the 
point  chosen. 

The  diffiarenoes  between  the  computed. and  observed  greatest  fiJl  in  temperat9re  are 
not  entirely  satisfactory,  but  is  the  best  that  can  be  done  without  resort  to  great  com- 
plexity of  computation.  The  differences  of  the  falls,  computed  minus  observed,  are 
shown  in  Table  XI,  arranged  according  to  the  magnitude  of  the  fall.  Column  1  con- 
tains the  difibrences  for  all  the  falls  between  10°  and  20°;  column  2  for  those  between 
20°  and  30°,  etc  The  probable  error  of  a  computed  fall  of  temperature  from  the  whole 
series  of  differences,  291  in  number,  is  :J::4«5.  The  probable  error  for  the  group  of  57 
between  10°  and  20°  is  :j=2.7;  forthe58between20°and30°=|r4.6;  for  the  48  between  30° 
and  40°,  d=4.6;  for  the  remaining  39,  all  greater  than  40,  the  probable  error  is  ^1:6.5. 


Table  XL— Diffebencbs  of  Computed  and  Observed  Greatest  Falls  of 

Temperature  in  Cold  Waves. 

[Computed  minuB  ob«erved.] 


Fall  of  10° 

Fall  of  20° 

Fall  of  30° 

Fall  of  40° 

Fall  of  50° 

to  20°. 

to  30°. 

to  40°. 

to  50°. 

to  60°. 

4-3 

+8 

4-3 

—  6 

4-  1 

4-2 

4-13 

4-5 

4-11 

4-16 

+3 

+  4 

—  9 

4-18 

4-  3 

+2 

0 

4-  3 

4-i2 

4-3 

-f4 

4-  6 

—12 

+13 

0 

+3 

0 

—  7 

—  7 

+6 

4-6 

—  6 

4-13 

+6 

4-5 

4-  2 

4-8 

4-4 

4-11 

4-9 

0 

—6 

4-  3 

4-17 

—  5 

0 

4-  6 

—16 

4-11 

0 

4-5 

4-5 

0 

+5 

+11 

—  1 

—  6 

—2 

—  2 

—  2 

4-  9 

4-2 

—10 

—  8 

—  4 

4-3 

—  3 

4-10 

—  1 

0 

4-  8 

—  1 

4-  6 

+9 

—  6 

4-15 

4-  8 

—3 

—  1 

—  5 

4-13 

+5 

4-13 

—  6 

4-13 

+6 

—  1 

—  4 

4-7 

4-6 

4-2 

+  9 

—16 

—3 

4-  1 

—  2 

-h2 

—1 

4-  7 

4-8 

—  1 

—1 

—  1 

4-7 

—  1 

4-4 

4-  4 

—  6 

—16 

4-1 

—10 

4-6 

4-1 

4-2 

4-  7 

—  2 

4-  9 

4-6 

4-  6 

0 

4-14 

4-5 

4-  3 

—  8 

4-6 

0 

—14 

0 

4-6 

—3 

—  6 

—10 

—18 

—4 

—  6 

4-  4 

4-13 

4-3 

—14 

4-7 

4-9 

4-3 

—4 

4-  3 
—  4 

4-  3 

4-2 

—2 

+  7 

—  6 

4-8 

4-8 

4-3 

4-2 

4-8 

4-  8 
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TABLK    XI. — DlFFBRBNCBS    OF    COMPUTED    AND    OBSEBVSD    GEBATEST    FaLLS    OF 

TsMPEBATUBB  IN  CoLD  Wavbs — Continued. 


Pall  of  10° 

Fall  of  20° 

Fall  of  30° 

Fall  of  40° 

Fall  of  50° 

to  20°. 

to  30°. 

to  40°. 

to  50°. 

to  60°. 

—9 

+  8 

+  1 

.  -4 

+10 

2 

—7 

4-  8 

+  5 

-fl 

+  5 

-f  8 

—1 

+  2 

+  3 

2 

1-12 

+  1 

—5 

-f  7 

+  2 

—8 

—  4 

—  1 

~2 

+  5 

-f  3 

—1 

—  2 

+2 

+  6 

+1 

—  1 

+1 

0 

—6 

0 

0 

—  1 

+1 

+  2 

0 

—  4 

X 

+3 

—  2 

+  1 

1 

The  following  is  the  distribution  of  the  errors  Jn  201  cases :  In  14  cases  the  error  is 
0;  in  26  oases  itis^tP;  in  24  oases, :t2^ ;  in  22  cases,  JU3<3 :  in  14  cases, :;l:40 ;  in  19 
cases,  ^fP ;  in  19  cases,  ^6° ;  in  10  cases,  :^7^ ;  in  15  cases,  dz^l  in  8  cases,  ^9^ ;  in 
5  cases,  :^10<^ ;  in  4  cases,  4=11° ;  in  3  cases,  ^12^ ;  in?  cases,  :i-ldP ;  in  3  cases,  :J::14^ ; 
in  1  case,  15^ ;  in  4  cases,  £16^ ;  in  1  case,  17^,  and  in  2  cases,  18^. 

The  plus  signs  nredominate  in  the  differences.  The  computed  fall  for  10°  to  20^  is,  on 
the  average,  one  degree  less  than  the  observed ;  between  20°  and  30°,  two  degrees  less ; 
between  30°  and  4(F^,  half  a  degree  less ;  between  40°  and  50°,  fonr  degrees  less,  and 
greater  than  50°,  five  degrees  less.  On  the  average  for  all  oases  the  computed  maxi- 
mum fall  of  temperature  is  two  degrees  lower  than  the  observed. 


160 


REPORT   OF   THE   CHIEF   SIGNAL   OFFICER. 


The  extent  of  fall  of  temperature  on  the  average  varies  with  the  magnitude  of 
greatest  temperature  fall,  but  the  extent  of  fall  can  not  be  used  to  advantage  to  de- 
termine the  greatest  fall,  as  will  be  seen  from  the  comparison  given  below. 

Tbmpsrature  at  Place  of  Obbatkst  Temperatube  Falt^    Gbbatest  Fall  and 

Extent  of  Cold  Wave. 


20O  to  30^. 

3C 

P  to  40°. 

40oto50o. 

50O+. 

— —  —      — ' — • — —  1 
Extent  of  cold 
wave. 

a 

1 

s 

Fall  of  temper- 
ature. 

Extent  of  cold 
wave. 

o      Temperature. 

Fall  of  temper- 
!         atnre. 

Extent  of  cold 
wave. 

1 
o    i  Temperature. 

Fall  of  temper- 
ature. 

1  Extent  of  cold 
1         wave. 

s 

a 

1 

s 

"  Fall  of  temper- 
ature. 

O 

O 

62 

27 

10 

63 

-30 

14 

70 

-42 

1  20 

68 

—58 

31 

71 

—29 

11 

67  1  —31 

14 

70 

—46 

24 

60 

-60 

40 

63 

23 

5 

66 

-38 

17 

52 

—40 

27 

64 

—50 

32 

65 

-23 

12 

68 

—32 

21 

56 

—44 

32 

63 

—54 

27 

63 

—23 

7 

64 

-33 

16 

61 

—41 

22 

58 

—27 

7 

63 

-30 

25 

32 

-42 

37 

1 

—25 

9 

63 

— ;i4 

28 

37 

—45 

19 

I 

—20 

21 

74 

—39 

17 

64 

—41 

21 

—25  1 

5 

68 

—33 

13 

30 

—48 

28 

66 

—20 

5 

46 

—30 

14 

42 

-42 

21  } 

34 

—22 

8 

50 

-35 

5 

32 

—42 

21  ! 

—20 

15 

60 

—32 

27 

60 

—44 

32 

60 

—23 

21 

52 

—32 

10 

51 

—41 

31 

18 

60 

-34 

8 

37 

—45 

27 

39 

—18 

6 

35 

-35 

12 

60 

—44 

60 

65 

—29 

20 

60 

—34 

31 

67  1 

—45 

17 

55 

—21 

10 

40 

—32 

10 

37 

—41 

31 

63 

—29 

20 

31 

—31 

14 

48 

—43 

44 

69 

—26 

19 

47 

—39 

16 

68 

—45 

19 

49 

—23 

8 

38 

—32 

28 

70 

—45 

26 

56 
54 

—21 
—21 

11 
7 

^ 

—30 
—31 

10 

1H 

53 

58 

—42 

—40 

23 
34 

64 

-29 

6 

66 

—30 

14 

37 

-40 

16 

63 

-23 

12 

40 

—39 

14 

30 

—42 

19 

60 

-28 

7 

58 

—33 

16 

64 

—40 

26 

28 

—28 

0 

46 

—38 

17 

68 

-48 

28 

68 

-24 

8 

48 

—34 

19 

48 

—44 

24 

64 

—24 

20 

56 

—30 

21 

34 

—42 

12 

36 

—25 

10 

58 

—30 

8 

46 

—41 

14 

54 

—22 

6 

66 

-30 

21 

62 

—42 

20 

64 

—26 

6 

53 

—38 

35 

68 

—42 

17 

62 

—26 

18 

66 

—32 

20 

45 

—42 

34 

58 

—21 

3 

54 

—30 

15 

62 

—44 

38 

28 

—23 

29 

60 

—36 

22 

33 

—40 

29 

63 

—29 

18 

54 

—32 

3 

45 

—40 

8 

56 

—26 

20 

67 

—42 

23 

50 

—24 

15 

63 

-44 

38 

60 

—21 

17 

34 

-42 

37 

.36 

—22 

16 

38 

-40 

16 

51 

—20 

11 

36 

—46 

20 

58 

—25 

9 

32 

—40 

32 

42 

—27 

22 

56 

-40 

20 

61 

—26 

4 

64 

—21 

4 

30 

—21 

19 

50 

—20 

12 

59 

-27 

13 

60 

-27 

16 

17 

I 

lean.. 

I 

lean.. 

12 

I 

lean . . 

26 

A 

fean.. 

33 
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The  extent  of  cold  wave  or  qnantity  of  fall  in  the  cope  of  temneratare  Call  being 
deriyed,  as  previonsly  deecribed,  and  tne  maxlmnm  temperature  fall  being  computed, 
the  next  step  will  be  to  derive  from  these  two  data  the  area  inclosed  by  the  20^  fall 
carve.  The  extent  of  temperature  fall  as  computed,  however,  instead  of  being  a 
oone,  is  more  accurately  a  cone  of  fall  greater  than  10^  surmounting  an  elliptical  cylin- 
der of  liP  fall. 

Table  XII  gives  the  contents  such  a  figure  below  the  10^  fall  ourvO;  when  the 
contents  of  the  whole  figure  is  known,  ana  its  altitude,  which  is  the  maximum  tem- 
perature fall  expressed  m  units  of  10^.  The  top  row  of  figures  gives  the  greatest 
temperatnre  fall.  The  first  column  gives  the  total  extent  of  cold  wave,  the  unit 
being  a  l(P  fall  over  an  area  of  100,000  square  miles. 


Table  XH.— Extent  of  Temperature  Fall  Below  10^ 

Plake. 


TKMFfiRATURE>VALL 


extent 
wave. 

• 

Greatest  temperature  fall. 

Total 
cold 

20O. 

25<^. 

30^. 

360. 
1.1 

40". 

450. 

50©. 

55^ 

eoo. 

2 

1.6 

1.4 

1.2 

1.0 

1.0 

0.9 

0.9 

0.8 

4 

3.0 

2.7 

2.4 

2.2 

2.0 

1.8 

1.7 

l.« 

1.6 

G 

4.6 

4.0 

3.6 

3.3 

3.0 

2.8 

2.6 

2.4 

2.2 

8 

6.0 

6.4 

4.8 

4.4 

4.0 

3.7 

3.4 

3.2 

3.0 

10 

7.5 

6.8 

6.0 

5.5 

5.0 

4.7 

4.3 

4.0 

3.8 

12 

9.0 

8.1 

7.2 

6.6 

6.0 

5.6 

•5.2 

4.8 

4.5 

14 

10.5 

9.5 

8.4 

7.7 

7.0 

6.5 

6.0 

5.7 

5.3 

16 

12.0 

10.8 

9.6 

8.8 

8.0 

7.6 

6.9 

6.4 

6.0 

18 

13.5 

12.2 

10.8 

9.9 

9.0 

8.3 

7.7 

7.2 

6.8 

20 

15.0 

13.5 

12.0 

11.0 

10.0 

9.3 

8.6 

8.0 

7.5 

22 

16.5 

14.8 

13.2 

12.1 

11.0 

10.2 

9.4 

8.8 

8.3 

24 

18.0 

lo.2 

14.4 

13.2 

12.0 

11.2 

10.3 

9.6 

9.0 

26 

19.5 

17.6 

15.6 

14.3 

13.0 

12.0 

11. 1 

10.4 

9.H 

28 

21.0 

18.9 

16.8 

15.4 

14.0 

13.0 

12.0 

11.3 

10.5 

30 

22.5 

20.2 

18.0 

16.5 

15.0 

14.0 

12.9 

12.1 

11.3 

32 

24.0 

21.6 

19.2 

17.6 

16.0 

14.8 

13.7 

12.8 

12.0 

34 

25.5 

23.0 

20.4 

18.7 

17.0 

15.8 

14.7 

13.8 

12.8 

36 

27.0 

24.3 

21.6 

19.8 

18.0 

16.7 

15. 4 

14.4 

13.5 

38 

28.5 

25.6 

22.8 

20.9 

19.0 

17.7 

16.3 

15.3 

14.3 

40 

30.0 

27.0 

24.0 

22.0 

20.0 

18.6 

17.2 

16.1 

15.0 

42 

31.5 

28.4 

25.2 

23.1 

21.0 

19.5 

18.0 

16.9 

15.8 

44 

33.0 

29.7 

26.4 

24.2 

22.0 

20.4 

18.9 

17.7 

16.5 

46 

34.5 

31.0 

27.6 

25.3 

23.0 

21.4 

19.7 

18.5 

17.3 

48 

36.0 

32.4 

28.8 

26.4 

24.0 

22.3 

20.6 

19.3 

18.0 

50 

37.5 

33.8 

30.0 

27.5 

25.0 

23.2 

21.4 

20.1 

18.8 

62 

39.0 

35.1 

31.2 

28.6 

26.0 

24.2 

22.3 

20.9 

19.5 

64 

40.6 

36.4 

32.4 

29.7 

27,0 

25.1 

23.2 

21.8 

20.3 

56 

42.0 

37.8 

33.6 

30.8 

28.0 

26.0 

24.0 

22.5 

21.0 

58 

43.5 

39.2 

34.8 

31.9 

29.0 

26.9 

24.9 

23.4 

21.8 

60 

46.0 

40.6 

36.0 

33.0 

30.0 

27.8 

25.7 

24.1 

22.5 

i 

1 

The  number  derived  for  the  extent  of  cold  wave  below  the  plane  of  10^  fall  when 
mnltiplied  by  100,000  gives  the  area  in  square  miles  inclosed  by  the  10^  temperature- 
fall  curve. 


J 
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Table  XIII  gives  the  area  I9  square  miles  inclosed  by  the  20^  fall  curve  for  various 
naximum  temperature  falls  and  various  extents  of  Call  above  the  plane  of  10^  falL 
This  latter  is  the  difference  betwee*  the  total  extent  of  fall  and  the  extent  of  fall 
)elow  the  10^  fall-plane  as  derived  from  Table  XII. 

Tablb  XIIL— Arbas  of  Twentt-dbgree  Temperature-fall  in  Square  Miles. 


Extent  of 
temper- 
ature-fall 

above 
100  plane. 

Maximum  temperature-fall. 

220. 

24°. 

26°. 

28°. 

30<^. 

320. 

1 
2 
3 
4 
5 

•    10,^000 
10,000 
20,000 
20,000 
30,000 

20,000 
30,000 
50,000 
70,000 
90,000 

30,000 

50, 000 

80,000 

110,000 

130,000 

30,000 

60,000 

90,000 

120,000 

160,000 

40.000 

80,000 

120.000 

160.000 

190,000 

40,000 

80,000 

120,000 

160,000 

200,000 

6 
7 

8 

9 

10 

30,000 
40,000 
50,000 
60,000 
70,000 

110, 000 
130,000 
150.000 
170,000 
180.000 

160,000 
190.000 
220,000 
240,000 
270,000 

190,000 
220, 000 
250,000 
290,000 
330,000 

230,000 
270.000 
310,000 
340,000 
380,000 

240,000 
280.000 
330,000 
380,000 
420,000 

11 
12 
13 
14 
15 

70,000 
80,000 
90,000 
90,000 
100,000 

190,000 
210,000 
220,000 
240,000 
260,000 

300,000 
330,000 
360,000 
380,000 
400,000 

360,000 
390,000 
420,000 
450,000 
490,000 

420,000 
450.000 
480,000 
510, 000 
560,000 

460,000 
500,000 
540,000 
580,000 
610, 000 

16 
17 
18 
19 
20 

100,000 
110,000 
120,000 
130,000 
140,000 

280,000 
300,000 
320,000 
340,000 
350,000 

430. 000 
460, 000 
480,000 
500.000 
530,000 

520,000 
550,000 
580,000 
620,000 
660,000 

600,000 
640, 000 
680,000 
720,000 
750.000 

650.000 
690.000 
730,000 
770,000 
810,000 

21 
22 
23 
24 
25 

140,000 
150,000 
150,000 
160,000 
170,000 

370,000 
390.000 
410, 000 
420,000 
440.000 

560,000 
590,000 
620.000 
640,000 
660,000 

690,000 
720,000 
750,000 
780,000 
820,000 

790,000 
840,000 
890,000 
900,000 
940,000 

850,000 
890.000 
930.000 
970.000 
1.020,000 

26 
27 
28 
29 

30 

180,000 
180,000 
190,000 
190,000 
200.000 

460,000 
480,000 
500,000 
510,000 
530.000 

690,000 
710,000 
740,000 
760,000 
790,000 

860,000 
890,000 
920.000 
960,000 
990,000 

970,000 
1,020,000 
1,060.000 
1.090,000 
1.120,000 

1,060,000 
1,100,000 
1, 140. 000 
1,180.000 
1,220.000 

31 

32 
33 
34 
35 

200.000 
210,000 
210,000 
220,000 
230,000 

540,000 
560,000 
580,000 
600,000 
610,000 

820,000 
850,000 
880,000 
900,000 
930,000 

1,020.000 
1,050.000 
1.080,000 
1.120.000 
1, 150, 000 

1.160,000 
1,200,000 
1,240,000 
1, 270, 000 
1, 310, 000 

1,260,000 
1,300.000 
1, 340, 000 
1.380,000 
1, 420, 000 
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TaBLB  XIII.— ARBAS  of  TWKNTT-DEGRIBK  TkMPKRATURB-FALL  IN  SQUARB  MiLBS— 

Continued. 


Extent  of 

1 

tfaximnm  temperatnre-fall. 

temper- 
atare-fall 

above 
1(P  plane. 

32°. 

340. 

3GO. 

40°. 

'440. 

480. 

1 

40,000 

40,000 

50,000 

40,000 

40,000 

40,000 

2 

80,000 

80,000 

90,000 

80,000 

80,000 

80,000 

3 

120,000 

120,000 

130.000 

120, 000 

120, 000 

120,000 

4 

160,000 

160,000 

170,000 

170,000 

170, 000 

160,000 

5 

200,000 

210,000 

220,000 

220,000 

220,000 

210,000 

6 

240,000 

250,000 

270,000 

270,000 

260,000 

250,000 

7 

280,000 

290,000 

310,000 

310,000 

310, 000 

300,000 

8 

330,000 

330,000 

350,000 

350,000 

360,000 

340,000 

9 

380,000 

380,000 

400,000 

390,000 

400,000 

380,000 

10 

420,000 

430,000 

440, 000 

440,000 

440,000 

430, 000 

11 

460,000 

470,000 

480,000 

480,000 

490,000 

470, 000 

12 

500.000 

510,000 

530, 000 

530,000 

530, 000 

510. 000 

13 

540,000 

550,000 

570,000 

580,000 

580,000 

550,000 

14 

580,000 

600,000 

610,000 

630,000 

620,000 

600,000 

15 

610, 000 

640,000 

660,000 

670,000 

660,000 

640,000 

16 

650,000 

680,000 

700,000 

710,000 

710,000 

680,000 

17 

690,000 

720,000 

740,000 

750,000 

750,000 

730,000 

18 

730,000 

760,000 

780,000 

790,000 

800,000 

780,000 

19 

770,000 

800,000 

820,000 

840,000 

840,000 

820,000 

20 

810,000 

850,000 

870,000 

890,000 

880,000 

860,000 

21 

850,000 

890,000 

920,000 

930,000 

920,000 

900,000 

22 

890,000 

930,000 

960,000 

980,000 

970,000 

940.000 

23 

930,000 

970,000 

1,000,000 

1, 030, 000 

1,010,000 

990,000 

24 

970,000 

1,010,000 

1,040.000 

1, 070, 000 

1,060,000 

1,030,000 

25 

1,090,000 

1,060,000 

1,090,000 

1, 110, 000 

1,100,000 

1, 070, 000 

26 

1, 060, 000 

1,110,000 

1,130,000 

1, 150, 000 

1, 140, 000 

1,110,000 

27 

1, 100, 000 

1.160,000 

1,170,000 

1, 190, 000 

1,190,000 

1, 160, 000 

2d 

1, 140, 000 

1,210,000 

1,210,000 

1,230,000 

1,240,000 

1,200,000 

29 

1, 180, 000 

1,250,000 

1,260,000 

1,280,000 

1,280,000 

1,250,000 

30 

1,220,000 

1,580,000 

1, 310, 000 

1,330,000 

1,320,000 

1, 290, 000 

31* 

1,260,000 

1,330,000 

1, 360, 000 

1, 370, 000 

1,370,000 

1,340,000 

32 

1,300,000 

1,370,000 

1,400,000 

1,420,000 

1,410,000 

1, 380, 000 

33 

1, 340, 000 

1,420,000 

1,450,000 

1,460,000 

1,460,000 

1, 420, 000 

•34 

1,380,000 

1,460,000 

1.490,000 

1, 500, 000 

1.500,000 

1, 460, 000 

35 

1,420,000 

1, 490, 000 

1,530,000 

1,550,000 

1, 540, 000 

1,500,000 

L54 
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-Areas  of  TwE^rrT-]>KORBK  IHebcpeuaturb-fall  in  Square  MiL^d- 

CoDtiniied. 


Extent  of 

teiDper- 

atare-fall 

above 
lO^plaue. 

Maximum  temperature-fall. 

48". 

52°. 

560. 
40,000 

60O. 

640. 

1 

40,0100 

40,000 

40,000 

40.000 

2 

80,000 

80,000 

80,000 

80,000 

80,000 

3 

120,000 

120,000 

120,000 

120,000 

120,000 

4 

160,000 

160,000 

160,000 

160,000 

160,000 

5 

210,000 

210, 000 

200,000 

190,000 

190,000 

6 

250.000 

250,000 

240,000 

230,000 

230,000 

7 

300,000 

290,000 

280,000 

270,000 

260,000 

8 

340,000 

330,000 

320,000 

310,000 

300,000 

9 

380,000 

370,000 

360,000 

340,000 

340,000 

10 

430,000 

410,000 

400,000 

380,000 

370,000 

11 

470,000 

450,000 

440,000 

420,000 

410.000 

12 

510,000 

490,000 

480,000 

460,000 

450.000 

13 

.550,000 

530,000 

520,000 

500,000 

480,000 

14 

600,000 

580,000 

560,000 

540,000 

520,000 

15 

640,000 

620,000 

600,000 

580,000 

550,000 

16 

680,000 

660,000 

640,000 

620,000 

590,000 

17 

730.000 

700,000 

680,000 

650,000 

630,000 

18 

780,000 

740,000 

720,000 

680,-000 

670,000 

19 

820,000 

780,000 

760,000 

720,000 

710,000 

20 

860,000 

830,000 

800,000 

760,000 

740,000 

21 

900,000 

870,000 

840,000 

800,000 

780,000 

22 

940,000 

910,000 

880,000 

840,000 

820,000 

23 

990,000 

950,000 

920,000 

870.000 

860,000 

24 

1,030,000 

1, 000, 000 

960,000 

910,000 

890.000 

25 

1,070,000 

1, 040, 000 

1,010,000 

950,000 

920,000 

26 

1,110,000 

1.080,000 

1,050,000 

990,000 

960,000 

27 

1,160,000 

1,1^,000 

1,090,000 

1,020,000 

1,000,000 

28 

1,200,000 

1,160,000 

1,130,000 

1,060,000 

1, 040, 000 

29 

1,250,000 

1,200,000 

1,170,000 

1, 100. 000 

1,080,000 

30 

1,290,000 

1,250,000 

1,200,000 

1, 140, 000 

1,110,000 

31 

1.340,000 

1,290,000 

1,240,000 

1,180,000 

1, 150. 000 

32 

1.380,000 

1,330,000 

1,280,000 

1,220,000 

1, 190, 000 

33 

1,420,000 

1,370,000 

1,320,000 

1,260.000 

1,230,000 

34 

1, 460, 000 

1,410,000 

1,360,000 

1, 300, 000 

1,260,000 

35 

1,500,000 

1, 460, 000 

1, 400, 000 

1,340,000 

1,290,000 
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From  the  computed  extent  of  temporatare»£all  and  the  computed  greatest  fall  of 
temperature  by  means  of  Tables  XII  and  XIII.  the  areas  ot*  fall  included  b;^'  the  2(P 
and  10^  temperatare-fall  lines  are  obtained  given  in  Table  XIV.  There  is  shown 
alongside  of  them  the  observed  10^  and  20^  temperature-fall  areas,  and  also  the  ob- 
served and  computed  maximum  faXia  of  temperature: 

Tablk  XIV. — Obsbrved  akd  Computed  Tkmpbrature-fall. 

[Areas  hi  aqiuhre  miles.] 


Date. 

Com- 
puted 
great- 
est 
fall  of 
tem- 
pen^ 
ture. 

Ob- 
served 
great- 
est 
fall  of 
tem- 
pera- 
ture. 

Computed 
200  fall  area. 

Observed 
20^  fall  area. 

Computed 
10^  fall  area. 

Observed 
100  fall  area. 

Oct.    16,1882 
Oct.      8, 1884 
Oct.    22,1884 
Oct.      4, 1885 

o 

—26 

—28 

—21 

—20 

—25 

—25 

—23 

-17 

—25 

—25 

-41 

—35 

—25 

—23 

—16 

—22 

—32 

—  8 

—22 

—28 

—31 

—25 

—17 

—43 

—26 

—16 

—14 

—36 

—32 

—48 

—18 

-29 

—38 

—48 

—27 

—35 

—36 

—30 

—44 

—36 

—21 

—27 

-50 

—40 

—28 

—32 

—45 

—51 

o 

—27 
-30 
—23 
—23 
—23 
—27 
-28 

36,000 
45,000 
10,000 

126, 000 

170,000 

48,000 

26,000 

270,000 

250.000 

220,000 

750,000 

610,000 

470, 000 

680.000 

975; 000 

340,000 

680, 000 

1.380,000 

550,000 

610, 000 

740, 000 

520,000 

080,000 

1, 050, 000 

500,000 

470,000 

2. 520. 000 

420, 000 

1,220,000 

750, 000 

1,150,000 

1, 480. 000 

1. 050, 000 

1,125,000 

770,000 

840,000 

720, 000 

i,:^o,ooo 

1, 920, 000 

1,000,000 

1,250,000 

750,000 

550,000 

1,870.000 

660, 000 

2,320,000 

770, 000 

600,000 

840,000 

1,250,000 

1,600,000 

581,000 
838,000 
285,000 
848,000 

Oct.    20, 18a') 

90,000 
46,000< 
68,000 

491,000 

Oct.    20.1886 
Oct.    24.1887 
Oct.      2, 1888 

96,000 
287,000 

400, 000 

1, 228, 000 

911,000 

Oct.    19, 1888 
Oct.      9, 1887 
Nov.   19,1881 
Nov.   12,1882 
Nov.     6. 1883 
Nov.    12,1883 
Nov.     5. 1884 

'—26' 
—42 
—46 
—29 
—29 
—21 
—40 
-44 

33,000 
70,000 
1,200,000 
190, 000 
65,000 
75,000 

111.000 
27,000 
608, 000 
3B8, 000 
350, 000 
297,000 
26,000 
531,000 
672,000 

556,000 

294,000 

854;  000 

1, 134, 000 

1,115.000 

1, 187, 000 

717,000 

Nov.   23,1884 
Nov.   24.1884 
Nov.   30.1884 

70,000 
360,000 

1,370,000 

1, 399, 000 

372,000 

Nov.   13,1886 
Nov.  23,1886 
Nov.  26.1886 
Nov.  20,1887 
Nov.  23,1887 

-28" 
-41 
—33 
—30 
—28 
—42 
—24 
-18 
-22 
—45 
—26 
—41 
—35 
—42 
—42 
-32 
32 
—34 
—44 
—35 
—44 
—34 
—23 
—30 
—45 

— :» 

—41 
—43 
—45 
—45 

50,000 

1,020,000 

90,000 

160,000 

155,"  666" 

456, 000 

302, 000 

203,000 

178,000 

891,000 

176,000 

365,000 
1,091,000 
596,000 
784,000 
716,000 

Nov.  27,1887 
Nov.     9, 1888 
Nov.   12,1889 

530,000 
190,000 

1, 427, 000 
422,000 
829,000 

Dec.    21,1881 

30,000 
451.000 

51,000 
391,000 
863.000 
338,000 
564,000 
830,000 

80,000 
258,000 
749,000 
134,000 
1.101,000 
554,000 

96,000 
213, 000 
386,000 
210, 000 
703,000 
1,060,000 
415,000 
439,000 

378,000 

Dec.    27,1883 
Deo.    13,1884 
Deo.    31,1884 
Deo.      5, 1885 

280,000 
220,000 
370,000 

930,000 

378, 000 

1,062,000 

1,. 576. 000 

Dec.    21,1887 
Dec.    28.1887 
Dec.    29,1887 
Dec.    25,1888 
Dec    25,1889 
Dec.    30,1889 
Jan.    14,1882 
Jan.    17.1882 
.Jan.    14,1883 
Jan.    18. 1883 

430,000 
440, 000 
700,000 
110,000 
185, 000 
670. 000 
170. 000 
1,190,000 
270,000 

1,136,000 
906,000 

1, 179, 000 
589,000 
361, 000 

1, 460, 000 
683,000 

2, 929, 000 

1,654,000 

1, 676, 000 
558,000 
772.000 
528,000 

1.376,000 

Jan.    19,1883 
Jan.    20,1883 
Jan.      6, 1884 
Jan.    19. 1884 

140,000 
700.000 
670,000 

Jan.      1, 1885 
Jan.    17,1885 
Jan.    18,1885 

660,000 
380,000 
960,000 

"2,"686,"666' 

760, 000 
1, 720. 000 

1,970,000 

844,000 

1,344,000 
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Table  XIV.— Observed  j^d  Computed  TEMPBRATaRE-FALL— Coutinaed. 


Com> 

Ob- 

I 

pnted 

served 

great- 

great- 

Date. 

est 

est 

Computed 
20^  fall  area. 

Observed 

Computed 
lOo  fall  area. 

Observed 

faUof 

fall  of 

20^  fall  area. 

\(P  fall  ai«a. 

tem- 

tem- 

pera- 

pera- 

ture. 

ture. 

1 

Jan.   25,1885 

o 
—27 

o 
—31 

100,000 

319,000 

640,000 

7:»,000 

Jan.     9, 1886 

—40 

—39 

440,000 

397,000 

1,050,000 

739,000 

Jan.    17,1887 

—33 

—42 

260,000 

621,000 

870,000 

1,099,000 

Jan.    18,1887 

— 44 

—40 

920,000 

660,000 

1,860,000 

1,754,000 

Jan.     8. 1888 

—42 

—48 

670,000 

476,000 

1, 400, 000 

1,390.000 

Jan.    15,1888 

—36 

—44 

530,000 

513,000 

1,430,000 

1,046.000 

Jan.    20,18t^8 

—29 

—42 

110,000 

235,000 

540,000 

640.000 

Jan.     9, 1889 

—27 

—26 

170,000 

119,000 

1,080,000 

1. 270, 000 

Feb.   29.1880 

—35 
—37 

—42 
—31 

506,000 
164,000 

921.000 

Feb.    13,1881 

346i666" 

* '"966,"  666' 

1,047,000 

Feb.   21,1882 

—34 

—30 

230,000 

272,000 

660,000 

739,000 

Feb.     4, 1883 

—58 

—42 

390,000 

337,000 

600,000 

872,000 

Feb.    17,1883 

—44 

—60 

530,000 

1,064,000 

1, 070, 000 

1, 381, 000 

Feb.    25.1883 

—20 
-31 

—24 

—21 

189,000 
198,000 

980,000 
660,000 

909.000 

Feb.     6, 1884 

i7o,'666' 

969,000 

Feb.   20,1884 

—42 

—32 

350,000 

895.000 

800,000 

1,377.000 

Feb.    10,1885 

—45 

—44 

750,000 

960,000 

1,480,000 

1, 788, 000 

Feb.    16,1885 

—30 

39 

140,000 

155,000 

540,000 

787,000 

Feb.    10.1886 

—14 
—35 

—20 
—33 

60,000 
201.000 

750,000 
720,000 

683,000 

Feb.    16.1886 

266,'666' 

951,000 

Feb.   26,1886 

-40 

—40 

670, 000 

606,000 

1,550,000 

1, 343, 000 

Feb.      1,1887 

-41 

—40 

^50,000 

215,000 

800,000 

319,000 

Feb.     4, 1887 

—58 

—42 

320, 000 

269,000 

490,000 

1,262,000 

Feb.     9, 1887 

—30 

— a-i 

160,000 

426,000 

600,000 

786,000 

Feb.    11,1887 

—51 

—54 

420, 000 

506,000 

760,000 

1,204,000 

Feb.    12,1887 

—43 

—44 

800,000 

1, 015, 000 

1, 640, 000 

1,602,000 

Feb.    19,1887 

—22 

—25 

40,000 

140,000 

1.710,000 

499,000 

Feb.   25,1^87 

—40 

—40 

440,000 

446,000 

1,000,000 

946,000 

Feb.    15,1888 

—33 

—42 

700,000 

912, 000 

1,930,000 

1,666,000 

Feb.    16,1888 

26 

—40 

130, 000 

440,000 

1,080,000 

780,000 

Feb.     6, 1889 

—40 

—46 

580,000 

356,000 

1,350,000 

1,058,000 

Feb.   17,1889 

—36 

-30 

340, 000 

372, 000 

940,000 

1, 158, 000 

Feb.   23,1689 

—34 

-40 

550,000 

634,000 

1, 600, 000 

1,411,000 

Mar.   17,1880 

—40 

-26 

170,000 

spot.  . 

400,000 

233,000 

Mar.   10,1882 

—26 

—21 

50,000 

41,000 

400, 000 

222,000 

Mar.  21,1882 

—32 

—30 

220,000 

490,000 

750,000 

1,028,000 

Mar.   17,1885 

—27 

-21 

120,000 

216, 000 

840,000 

1, 122, 000 

Mar.    10,1886 

—34 

—20 

185,000 

8,000 

550,000 

796,000 

Mar.     3, 1887 

—31 

—27 

190,000 

218,000 

720,000 

916,000 

Alar.   14,1887 

—30 

—30 

230,000 

227,000 

960,000 

900,000 

Mar.     3, 1888 

—46 

—36 

320,000 

478, 000 

650.000 

1,134,000 

Mar.  20,1888 

—22 

—40 

50,000 

284,000 

1,860,000 

1,112,000 

Mar.   16,1889 

—28 

—32 

110,000 

42.000 

640,000 

156,000 

Oct.    16. 1886 

—20 
—20 

—20 
—20 

280,000 

1,350,000 
1,200,000 

967,000 

Oct.    12,1887 

97^,000 

Nov.     7, 1880 

-37 

—31 

i66,'6oo' 

282,"666' 

280,000 

733,000 

Nov.  20,1881 

—33 

—38 

400,000 

271,000 

1,250,000 

970,000 

Nov.   13,1882 

-41 

32 

461,000 

1,043,000 

Nov.   14.1882 

—30 
—10 

—33 
—18 

334,000 

'"'"666,'666' 

818,000 

Nov.  24,1882 

399,000 

Nov.     7, 1883 

—21 

—21 

i56,'666' 

600,000 

604,000 

Nov.   10,1883 

—10 

—12 

300,000 

91,000 

Nov.   13,1883 

—26 

—26 

560,' 666' 

320,"  666' 

1, 430, 000 

1,102,000 

Nov.   15,1883 

—17 
—42 

—23 
—30 

57»000 
567,000 

520,000 
780,000 

490,000 

Nov.  27,1883 

356,'666" 

930,000 

Nov.     7, 1885 

-18 

—29 

70,000 

1,200,000 

365,000 
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Table  XIV.- Obsbrvkd  and  Computed  Tempeeature-fall— Continaed. 


Dato. 


Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Dec. 
Dec. 
Dec. 
Dee. 
Jan. 
Jan. 
Mar. 
Mar. 
Nov. 
Dec. 
Jan. 
Jan. 
Jan. 
Jan. 
Feb. 
Feb. 
Feb. 
Feb. 
Mar. 


8 
13 
18 
28 
28 

9 
13 
20 
11 
15 
24 

4 

21 
26 
29 
21 
30 

1 
17 

8 
19 
20 
26 
12 


18-15 
lHi«j 
1886 
1887 
1889 
1880 
1886 
1887 
1889 
1881 
1887 
1881 
1886 
1883 
1889 
1867 
1887 
1888 
1889 
1885 
1887 
1888 
1888 
1884 


Com- 

Ob- 

puted 

served 

great- 

great- 

est 

eat 

fall  of 

fall  of 

tem- 

tem- 

pera- 

pera- 

ture. 

o 

ture. 

o 

—20 

—23 

—27 

—34 

—46 

— :J9 

—55 

—58 

—34 

—24 

-28 

-25 

—13 

—15 

10 

—48 

—27 

—26 

—40 

—45 

—28 

—29 

—25 

—30 

—24 

27 

—40 

—40 

—30 

—40 

—21 

—40 

35 

—42 

—41 

—40 

17 

—32 

—15 

—22 

—22 

—25 

-22 

—40 

—20 

—40 

—32 

Computed 
20^  fall  area. 


110,000 
480,000 
360,000 
160,000 
120,000 


90,000 
310,000 
190,000 

80,000 
130,000 
370,000 
250,000 


170,000 
500,000 


40,000 


580,000 


Observed 
20^  fall  area. 


50,000 
460,000 
421,000 
806,000 
120, 000 
103.000 


72:^,000 
334,000 
848,000 
369, 000 
132,000 
144,000 
830,000 
566,000 
239.000 
470,000 
393,000 


244,000 
140,000 
283,000 
25,000 
468,000 


Computed 
10<>  fall  area. 


830,000 
740,000 
930,000 
610  000 
500,000 
630,000 
1,000,000 

"526,666* 
700.000 
900,000 
750,000 

1, 480, 000 
850,000 
960,000 

"'566,666 
1, 150, 000 


Observed 
lOc^fallaiea. 


680,000 
1,730,000 


1,300,000 


793,000 

1, 498, 000 

729,000 

1,202,000 

1,246,000 

597,000 

178, 000 

1,245,000 

1,022,000 

1,097,000 

1.014,000 

422,000 

772,000 

1,266,000 

1,392,000 

890,000 

791,000 

1, 423, 000 

1,458,000 

923.000 

499,000 

1,220,000 

1,059,000 

1,016,000 


The  agreement  of  the  computed  areas  of  temperatui'e-fall  with  those  that  actually 
occurred,  in  many  cases  is  not  close,  but  they  are  nevertheless  tolerably  satisfactory. 
The  real  efficiency  of  the  method  can  only  be  seen  from  a  comparison  of  the  computed 
temperature-falls  for  the  various  places  with  those  actually  observed.  This  would 
require  so  much  space  that  no  attempt  will  be  made  to  make  the  display  here.  In 
the  case  of  a  very  flat  cone  of  temperature-fall  a  difference  of  a  few  aegrees  in  the 
falls  of  temperature  at  a  number  of  points  will  make  a  very  great  difference  in  the 
area  inclosed  by  the  20^  temperature-fall  line.  On  October  4, 1885,  for  instance,  the 
observed  area  of  20°  temperature-fall  is  26,000  square  nfiles,  and  that  of  the  l(P  tem- 
lierature-£All  848,000. 

Alpena,  with  a  fall  of  21°,  and  Detroit,  with  a  fall  of  23°,  are  the  only  places  inside 
the  2(P  curve.    At  numerpus  other  places  the  falls  are  16°,  18°,  and  19°. 

If  the  fall  of  temperature  had  been  5°  greater  at  16  stations,  the  area  covered  by 
the  20°  fall  curve  would  have  been  600,000  square  miles. 

THE  SHAPE  AND  THE  POSITION  OF  THE  TEMPERATURE-FALL  AREAS. 

The  shape  of  the  temperature-fall  areas  in  more  than  90  per  cent,  of  the  cases  of 
oold  waves  is  elliptical  with  the  long  axis  lying  from  northeast  to  southwest.  Where 
the  areas  lies  differently,  the  reasons  for  it  are  not  always  apparent.  The  long  axis 
of  an  area  of  fall  is  usually  parallel  to  the  long  axis  of  the  low  area  of  pressure  pre- 
ceding. It  is  sure  to  extend  in  the  direction  in  which  the  low  area  is  open.  This 
is  lUso  parallel  to  the  generibl  direction  of  the  isothermal  lines. 

The  type  of  map  wnich  has  a  low,  not  very  deep,  about  29.7  inches  at  center  in 
Texas,  with  an  extensive  high  area  to  the  north  of  it,  with  cup-shaped  isotherms  in 
the  region  of  high  pressure,  has  the  long  axis  of  temperature-fall  area  directly  north 
and  south  in  most  instances. 

The  20°  temperature-fall  m:o(Is  greater  Xh%ix  900,000  square  miles  may  be  divided 
intg  ifixe^  classes. 
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In  the  first  classi  whloh  Is  the  most  namerons,  that  In  which  the  high  area  of  pressare 
is  to  the  northwest  of  the  center  of  low  pressure,  the  mean  of  54  oases  gives  the  long 
axis  northeast  to  southwest  2. 5  times  tnat  of  the  short  axis  perpendicular  to  it  and 
running  from  northwest  to  southeast. 

In  the  second  class,  where  the  high  pressare  is  southwest  of  the  low  center,  the 
mean  of  13  cases  gives  the  long  axis  4.0  times  that  of  the  short  one. 

In  the  third  case,  that  of  exceptionally  long  areas  of  low  pressure,  and  douhle 
y-shaped  types  of  low  pressare,  the  long  axis  as  given  by  the  mean  of  18  caJes  is  5.0 
times  as  great  as  the  short  axis. 

On  the  whole  no  definite  rule  can  be  given  for  flndiuc  very  aconrately  the  shape  of 
the  20^  temperatare-fall  areas.  Their  shapes  vary  within  wide  limits. .  The  greatest 
length  of  axis  approximates  the  lonoest  diameter  of  the  last  rounding  isobar  of 
the  low  area  of  pressure.  The  length  of  district  through  which  the  isotherms  are 
close  together  and  nearly  parallel  is  some  indication  of  the  length  of  the  axis.  As  a 
rale  if  the  isotherms  to  the  east,  near  the  low  center,  are  closer  together  than  farther 
to  the  west,  it  is  an  indication  that  the  long  axis  of  tne20^  temperature-fall  area  will 
be  very  much  lonser  than  the  short  axis.  In  the  case  of  a  high  area  of  pressare  to  the 
Boathwest,  it  will  be  at  least  as  long  as  the  distance  from  the  center  of  the  low  to  the 
southeast  front  of  the  area  of  high  pressare. 

The  shape  of  the  10^  temperature-fall  area  pretty  generally  conforms  to  the  shape 
of  the  20^  fall  area,  for  areas  with  the  ratio  of  the  axis  up  to  4.0.  For  very  great 
areas,  it  is  not-  possible  to  measure  the  long  axis  of  the  10<^  fall  area  accurately,  the 
area  usually  extending  beyond  the  limits  of  the  region  covered  by  observing  stations. 

Table  Xv  gives  for  a  number  of  the  greatest  cold  waves,  the  observed  length  in 
miles  of  the  long  and  short  axis  of  the  20^  temperature-fall  areas  and  their  ratios,  also 
the  ratios  of  the  axis  of  the  10^  i'all  areas. 


Table  XV.— Ratio  of  Axks  of  20^  and  10^  Tbmperaturk-fall  arkas  of  200,000 

SQUARE  MILES  OR  MORE. 


Length  of  axes  20<^ 

s 

^ 

Length  of  axes  20^ 

fall  area 

• 

«0B 

fall  area 

■ 

Date. 

O  cB 

Date. 

1 

1 

1 

\0        ^^ 

North- 
east. 

1^ 

Miles. 

Ratio. 

Ratio 

North- 
east. 

South- 
east. 

• 

o 
-a 

01 

Miles. 

1 

1 

Miles. 

Miles. 

Oct.      8, 1884 

950 

300 

3.2  1 

2.0 

Jan. 17, 1895 

900 

600 

1.5 

1.4 

Nov.     V,  1880 

600 

600 

1.0  1 

2.0 

Jan.  18, 1885 

1,500 

400 

3.8 

1.0 

Nov.    19,1881 

1,300 

300 

4.3 

2.6 

Jan.  25, 1885 

1,050 

400 

2.6 

3.2 

Nov.  20,1881 

1,100 

250 

4.4 

3.0 

Jan.    9,188(5 

700 

1,000 

2.2 

Nov.   12,1882 

1,150 

300 

3,8 

2.0 

Jan.  17, 1887 

1,600 

500 

*.3.'2" 

0.9 

Nov.   13,1882 

1,700 

200 

8,S 

4.0 

Jan.  18, 1887 

1,500 

500 

3.0 

*2.0 

Nov.   14,1882 

1,200 

300 

4.0 

3.4 

Jan.  21, 1887 

700 

500 

1.4 

2.6 

Nov.     6. 1883 

1,200 

350 

3.4 

2.6 

Jan.  24, 1887 

1,100 

450 

2.4 

3  2 

Nov.     7, 1883 

950 

150 

6.3 

3.6 

Jan.  30, 1887 

1,100 

600 

1.8 

1.6 

Nov.   12,1883 

800 

GOO 

1.3 

1.6 

Jan.    1,1888 

1,100 

450 

2.4 

4.5 

Nov.   13,1883 

1,100 

200 

5.5 

5.6 

Jan.    8,1888 

950 

400 

2.4 

3.0 

Nov.  26,1883 

1,300 

1,000 

1.3 

1.8 

Jan.  20, 1888 

800 

500 

1.6 

2.2 

Nov.  27,1883 

1,700 

400 

4.2 

3.3 

Jan.    9,1889 

2,100 

800 

2.6 

3.7 

Nov.  23,1884 

1,600 

900 

1.8 

2.0 

Jan.  17, 1889 

1,400 

400 

3.5 

LO 

Nov.  24,1884 

1.600 

500 

3.2 

2.2 

Feb.  29, 1880 

1, 500 

700 

2.1 

.3.0 

Nov.   13,1885 

1,300 

350 

3.7 

3.2 

Feb.    4,1883 

1,200 

300 

4.0 

2.8 

Nov.   13,1886 

700 

250 

2.8 

2.0 

Feb.  17, 188:^ 

1,900 

600 

3.2 

3.5 

Nov.   18,1886 

1,050 

400 

2.6 

1.7 

Dec.  28. 1887 

1,400 

400 

3.5 

2.7 

Nov.  23,1^^86 

1,050 

500 

2.1 

2.0 

Dec.  29, 1887 

1,400 

650 

2.2 

2.0 

Nov.  26,1886 

800 

450 

1.8 

1.6 

Dec.  11,1889 

1,400 

400 

3.5 

3.4 

Nov.  20,1887 

700 

450 

1.6 

1.6 

Dec.  25, 1889 

850 

2.50 

3.4 

2.3 

Nov.   2:^,1887 

1,050 

300 

3.5 

2.8 

Deo.  29, 1889 

1,100 

800 

1.4 

1.8 

Nov.   27.1887 

1,500 

800 

1.8 

2.0 

Deo.  30, 1889 

1.700 

500 

3.4 

2.4 

Nov.   28,1887 

1,900 

500 

3.8 

3.6 

1  Jan.  15, 1881 

1.900 

600 

3.2 

4.3 

Nov.     9, 1888 

800 

300 

2.7 

1.7 

1  Jan.  17, 1882 

2,700 

500 

5.4 

3.2 

Deo.   27,1883 

1,400 

450 

3.1 

2.3 

Jan.  14, 1883 

1,500 

200 

7.5 

2.2 

Dec.    31,1884 

1.250 

:«)0 

3.6 

2.6 

Jan.  20, 188:3 

1,650 

300 

5,5 

4.6 

Dec.      5, 1885 

1,700 

.850 

2.0 

2.0 

Jan.    6,18H4 

750 

350 

2.2 

2.0 

Dec.    20,1887 

1,450 

700 

2.1 

2.0 

Jan.  19, 18'<4 

1,800 

400 

4.6 

3.1 

J>ec.   21,1887 

850 

400 

2.0 

1.1 

Jan.    1,1885 

2,200 

650 

3.4 

2.3 
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Tablk  XV.— Ratio  of  Axbs  op  20°  and  10°  Tbmpkrature-fat.l  areab  of  200,000 

SQUARE  MILES  OR  MORE — Continued. 


Length  of  axes  20° 

Length  of  axes  20° 

I. 

full  area 

• 

ce  ej 

fall  area 

• 

Date. 

Date. 

North- 
east. 

South- 
east. 

o 

1 

1 

North- 
east. 

South- 
east. 

.2 

r 

Miles, 

Miles. 

Miles, 

Miles, 

Feb.    26,1883 

900 

300 

3.0 

3.0 

Feb.  16, 1888 

1,200 

300 

4.0 

2.8 

Feb.      6, 1884 

400 

200 

2.0 

2.3 

Feb.  26, 1888 

600 

400 

3.0 

2.0 

Feb.    20,1884 

1.600 

600 

2.7 

2.3 

Feb.    6,1889 

800 

400 

2.0 

1.7 

Feb.      8, 1885 

730 

5;^ 

1.4 

3.3 

Feb.  17, 1889 

1,600 

300 

5.3 

2.3 

Feb.    10,1885 

1,600 

900 

1.8 

1.8 

;  Feb.  23. 1889 

1.900 

350 

5.4 

3.6 

Feb.    11,1885 

1,600  1  600 

2.7 

2.3 

Mar.  21, 1882 

900 

.500 

1.8 

2.0 

Feb.    26,1886 

1,400 

450 

3.1 

2.5 

Mar.  19, 188*.) 

2, 2110 

.500 

4.4 

4.5 

Feb.      1, 1887 

700 

300 

2.3 

1.4 

Mar.  12, 1884 

1,500 

400 

3.8 

3.2 

Feb.     4,1887 

1.200 

250 

4.8 

3.3 

Mar.   3,1887 

1,700 

500 

3.4 

2.8 

Feb.      9, 1887 

1.050 

600 

1.7 

1    2.0  , 

Mar.  14, 1887 

1,000 

200 

5.0 

5.3 

Feb.    11,1887 

1,000 

400 

2.5 

1.2 

Mar.  3,1888 

1,400 

600 

2.3 

3.0 

Feb.    12,188f7 

2.400 

700 

3.4 

4.0 

Mar.  20, 1888 

900 

350 

2.6 

3.3 

Feb.    15,1888 

2,700 

1 

400 

6.8 

3.6 

The  relation  of  the  axes  of  20°  temperature-fall  areas  not  being  determinable  with 
any  very  great  aocnracy,  where  nothing  else  is  available  for  the  purpose,  it  will  be 
best  to  take  the  ratio  of  2.5  to  1.0  for  the  case  of  the  high  pressure  to  the  north  of  the 
center  of  low  pressure,  and  for  the  case  of  the  double  V'^naped  lows  the  ratio  6.0  to 
1.0.  When,  however,  a  well-defined  20°  fall  area  has  already  occurred,  it  is  possible 
to  form  some  idea  of  the  length  of  one  of  the  axes  of  the  20^  fall  area  that  is  going  to 
occur  the  next  day. 

The  20°  temperature-fall  areas  on  successive  days  very  rarely  overlap  each  other. 
When  they  do  overlap,  it  is  only  slightly,  not  more  than  throughout  a  narrow  strip 
of  50  miles  in  width.  The  greater  the  areas  of  the  20°  temperature  falls,  the  more 
apt  successive  areas  are  to  be  tangent  to  each  other  or  nearly  tangent. 

The  following  list  gives  the  cold  waves  and  the  areas  of  20°  fiul  tangent  to  each 
other  or  slightly  overlapping : 

SuccKssivK  Twenty-four  Hour  20°  Fali^  Tanqent  to  Each  Other. 


Date. 

Areas. 

Date. 

Areas. 

February  17, 18a3 

8q,  miles, 
1, 065, 000 
806,000 
787,000 
543,000 
830,000 
509,000 
891,000 
338, 000 
703,000 
415,000 
487,000 
621,000 
474,000 
422,000 
525,000 
299,000 
506,000 
337,000 
960,000 
460, 000 
271, 000 

December  5. 1885 

Sq,  miles, 
864.000 

November  28.  1887 

Jauuarv  9. 1886 

797,000 

February  11, 1H85 

February  21, 1882 

272,000 

February  11.1887 

February  17. 1889 

372,000 

November  26, 1883 

March  19,1883 

848,000 

November  19. 1881  

November  12,  1889 

205,000 

November  27, 1887 

November  14,  1882 

335,000 

December  21. 1887 

November  27. 1883 . 

567,000 

January  19, 1884 

November  26,  1886 

302,000 

January  17.1885 

Januarv  1. 1885 ............ 

1,060,000 

January  18,1685 

December  28, 1887 

564,000 

January  17,1887 

December  30. 1889 

749,000 

January  30, 1887 

November  24,  18H4 

472,000 

January  1, 1888 

November  13,  1882 

482,000 

January  8. 1888 

November  13.  1883 

320,000 

February '28. 1880 

January  17. 1882 

1, 101, 000 

February  29, 1880 

February  4, 1883 

Fobruary  26,  1886 

606,000 

February  12,  1887 

1,015.000 

February  10, 1885 

February  15,  1888 

912, 000 

November  13, 1885 

February  16.  1888 

440, 000 

November  20, 1881 

February  23.  1889 

634,000 
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Tbe  center  or  position  of  niAXimnm  fall  being  known  and  the  tangency  taken  as 
the  farthest  point  east  of  the  20^  fall  carve  of  the  preceding  day,  some  idea  can  be 
formed  of  the  length  of  the  shorter  axis  of  the  20<^  fall  area.  Implicit  reliance  can 
not,  however,  be  placed  on  this  proceeding.  It  most  be  considered  in  connection 
with  other  thinss. 

The  distance  £om  center  of  low  to  highest  isobar  of  high-pressare  area,  in  the  case 
of  a  high  area  to  the  southwest  of  a  low  pressure,  is,  approximately,  in  many  cases  the 
length  of  greater  axis  of  20^  temperature-fall  area.  Where  the  20°  temperatore-fall 
area  is  as  small  as  150,000  square  miles,  it  is  not  apt  to  be  tangent  to  the  preceding 
20O  fall  area. 

The  10^  temperatui^fall  areas  on  successive  days  do  very  generally  overlap. 

The  eastern  side  of  a  10^  temneratnre-fall  area  is  never  any  Luther  east  than  the 
first  rounding  line  or  outside  isobar  of  the  low  area  of  pressure. 

The  rule  given  for  computing  the  maximum  Call  of  temperature,  in  or  near  a  low 
center,  can  oe  applied  in  the  case  of  other  places  on  the  map  remote  from  the  center. 
Thouch  it  mav  not  give  the  actual  fall  at  the  point,  it  will  at  least  give  a  value  for 
the  fall,  which  wiU  not  be  exceeded,  and  whicn  may  be  of  some  service  in  locating 
the  position  of  the  20<^  fall  area. 

At  the  southern  limit  of  a  cold  wave,  where  there  is  donbt  abont  the  position  of 
the  lower  boundary  of  temperature-fall  area,  the  wind  directfon  will  be  of  assistance 
at  times  in  locating  the  position  of  the  area.  In  the  lower  Mississippi  Valley,  as  far 
as  300  or  400  miles  from  the  Gulf  of  Mexico,  when  the  winds,  having  been  northwest 
or  north,  turn  to  the  northeast,  no  farther  fall  or  only  slight  falls  of  temperatoie 
need  be  anticipated. 

From  Table  jLVI,  either  axis  of  the  20^  temperature-fall  area  being  known,  and  the 
area,  the  other  axis  can  be  determined.  From  the  known  area,  with  an  assumed  ratio 
or  the  axes,  the  lengths  of  the  axes  can  also  be  determined. 

Table  XVI.—Areas  of  Ellipses  in  Square  Miles. 


Mai  or 

Minor  axis.  Miles. 

Miles. 

100. 

150. 

200. 

250. 

300. 

2SiO. 

100 

8,000 
16,000 
24,000 
31,000 
39,000 

47,000 
55,000 
63,000 
71,000 

200 

24.000 
35,000 
47,000 
59,000 

71,000 

82.000 

94,000 

106,000 

118,000 

31,000 
47,000 
63,000 
79,000 

94,000 
110,000 
126,000 
141.000 
157,000 

173,000 
188,000 
204,000 
220,000 
236,000 

300 

59,000 
79,000 
98,000 

118,000 
137,000 
157,000 
177,000 
'   196,000 

216,000 
236,000 
255,000 
275,000 
294,000 

314,000 
334,000 
35;i,000 

71,000 

94,000 

118, 000 

141,000 
165,000 
188,000 
212,000 
236,000 

2.59,000 
283,000 
306,000 
330,000 
353,000 

377,000 
400,000 
424,000 
447,000 

400 
500 

600 
700 
800 
900 
1.000 

110,000 
137,000 

165,000 
192,000 
220,000 
247,000 
275,000 

302,000 
330,000 
a57, 000 
385,000 
412,000 

440,000 
467,000 
495  000 

1,100 

1,200 
1,300 

1,400 

1,500 

1,600 

1,700 

1,800 

1,900 

522,000 
550,000 

2,000 
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Table  XVI.— Areas  of  Eixipses  is  Square  BiiLES— Continued. 


Major 

Minor  axis.    Miles. 

axis. 
Miles. 

350. 

400. 

450. 

500. 

550. 

600. 

650. 

400 

110,000 
137,000 
165,000 
192,000 
220,000 

247,000 
275,000 
302,000 
330,000 
357,000 

385,000 
412, 000 
440,000 
467,000 
495,000 

522,000 
550,000 

126.000 
157, 000 
188,000 
220,000 
251,000 

283,000 
314,000 
345,000 
377,000 
408,000 

440,000 
471,000 
502,000 
534,000 
565,000 

597,000 
628,000 

500 

177, 000 
212,000 
247,000 
283,000 

318,000 
353,000 
389.000 
424,000 
459,000 

495,000 
530,000 
565,000 
601,000 
636,000 

671,000 
707,000 

196,000 
236,000 
275,000 
314,000 

353,000 
392,000 
432,000 
471,000 
510,000 

550,000 
589,000 
628,000 
667,000 
707,000 

746, 000 
785,000 
824, 000 
864,000 

GOO 
700 
800 

900 
1,000 
1,100 
1,200 
1,300 

1.400 
1,500 
1,G00 
1,700 
1,800 

1,900 
2,000 
2,100 

259,000 
:W2.000 
345,000 

389,000 
432,000 
475,000 
518, 000 
561.000 

i 

604,000 
648,000 
691,000 
734,000 
777,000 

820,000 
864,000 
906,000 
950,000 

283,000 
330,000 
377,000 

424,000 
471,000 
518,000 
565,000 
612,000 

659,000 
707,000 
754,000 
801,000 
848,000 

895,000 

942,000 

989,000 

1,036,000 

'"*  341*606 
406,000 

459,000 
510,000 
561,000 
612,000 
663,000 

714,000 
765,000 
816,000 
867,000 
918,000 

969,000 
1,020,000 
1,071,000 

2,200 

1,123,000 

Miyor 

Minor  axis.    Miles. 

axis* 
Miles. 

650. 

700. 

750. 

600. 

850. 

900. 

700 

341,000 
408,000 

385,000 
440,000 

800 

471.000 

502.000 

900 
1,000 
1,100 

1,200 
1,300 
1,400 
1,500 
1,600 

1,700 
1,800 
1,900 
2,000 
2,100 

2,200 

459.001 
510, 00( 
561, 00( 

612,  C0( 
663, 00( 
714, 00< 
765, 00( 
816«00( 

867, 00( 

918  00( 

969, 00( 

1, 020, 00< 

1.071,00( 

1,123,00( 

[) 
3 
D 

[) 
) 

) 
) 

) 
} 
} 
} 
) 

} 

495,1 
550,1 
604,  ( 

659,  ( 
714,  ( 
769,1 
824,  < 
879,  ( 

934,  ( 

989,  ( 

1,044,( 

1,099,( 

l.ie2,( 

1,209,( 

900 
[)00 
[)00 

\m 

JOO 
300 
900 
900 

900 
900 
900 
900 
900 

900 

531 
581 
641 

70( 
76! 
82^ 

88: 

94^ 

1,00 
1,06( 
1,111 
1,171 
1,23( 

l,29i 

9,000 
9,000 
!i,000 

5,000 

S,000. 

1,000 

),000 

2,000 

1,000 
9,000 
9,000 
3,000 
5,000 

5,000 

1.! 
i,J 

365,000 
928,000 
591,000 

r54,000 
316,000 
379,000 
942,000 
906,000 

968,000 
130,000 
193,000 
256,000 
319,000 

382,000 

601,000 
667,000 
734,000 

801,000 

868,000 

934,000 

1,001,000 

1, 068, 000 

1, 134*,  000 
1, 201, 000 
1,268,000 
1,334,000 
1, 401, 000 

1, 468, 000 

636,000 
707,000 
777,000 

848,000 

918, 000 

989,000 

1,060,000 

1, 130, 000 

1,201,000 
1,272,000 
1, 342, 000 
1, 413, 000 
1,484,00U 

1,554,000 

11946  sia  90- — 11 
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Tables  XVII|  XVni,  XIX,  XX,  XXI  give  the  highest  7  a.  m.  temperatures  for  the 
months  of  Norember  and  December.  January,  Febraary,  and  March  that  have  oconrred 
in  each  year  from  1880  to  1889,  inclusive. 

*  In  95  per  cent,  of  the  oases  where  the  temperatures  were  near  the  greatest  tempera- 
ture that  have  occurred,  there  have  been  falls  of  20^  on  th«  day  following.  This 
chauf^e,  however,  is  not  of  much  importance,  for  the  reason  that  when  the  tempera- 
ture IS  at  the  maximum  the  fall  is  not  apt  to  be  any  greater  than  20^.  It  seems  in 
most  cases  to  be  due  to  a  retardation  of  an  hour  or  two  for  some  reason  or  other  not 
andersu>od,  in  the  lowest  phase  of  the  diurnal  change  of  temperature. 

The  mean  highest  7  a.  m.  temperatures  for  ten  years  are  shown  on  the  charts  acoom* 
panying,  and  also  their  generalization  by  lines  Joining  the  points  of  equal  tempera- 
ture. 

Tablk  XVII.— Novbmbbr.  Qbkatbst  7  a.  m.  Tbmpkratubbs. 


Stations. 

1880. 
57 

1881. 
53 

1882. 
56 

1883. 
53 

1884. 
53 

1885. 
54 

1886. 
60 

1887. 

51 
55 
49 
61 

58 

""so' 

57 

1888. 

54 
62 
56 
62 

58 

58 
60 
62 
68 
68 

60 
66 
66 
68 
71 

68 
70 
69 
72 

74 

71 
74 
74 

78 
80 

81 
67 
74 
73 
73 

71 
'68 
71 
70 
71 

69 
72 
75 
72 
76 

75 
72 
69 
69 
.66 

1889. 

50 
58 
55 
64 
60 

61 
52 
63 
54 
64 

60 
69 
58 
67 
66 

68 
68 
69 
70 
73 

71 
73 
74 
75 
79 

81 
63 
74 
71 
70 

68 
68 
75 
61 
64 

62 
63 
71 
66 
70 

75 
70 
61 
65 
60 

Means. 

Eastport 

54 

Northfield 

Portland,  Me 

Boston .............. 

58 
60 

53 
56 

60 
62 

54 
60 

49 
54 

54 

63 

54 

62 

58 

60 
58 
62 

54 
60 

Nantucket 

Block  Island  ........ 

61 
61 
61 

65 

60 
62 
64 
61 
68 

6S 

70 
70 
69 

68 
71 
70 

>...... 

Albany  .............. 

53 
57 

63 
60 

59 
60 

62 
62 

46 
54 

56 

New  York  City 

Hiirrisbumr . .  • . .  • .... 

60 

1 

Philadelphia 

Atlantic  City 

Baltimore 

Washington 

Lynchburgh  •• 

Norfolk 

Charlotte 

61 

60 
61 
62 
58 
65 

63 

61 

63 

64 

56 

64 

61 
62 
67 
63 
70 

62 

62 

""52 
51 
54 
60 

56 

63 

65 
65 
64 
67 

66 

61 
60 
62 
64 

62 

65 
61 
66 
66' 

65 

53 
56 
51 
63 

60 

62 
61 
61 
66 

63 

Raleigh  ............. 

Hatteras 

69 
68 
71 

67 
71 
71 

72 
70 
72 

69 
71 
72 

67 
64 
68 

65 
61 
70 

"es" 

67 
70 

67 
72 
72 

65 
69 

68 

66 
68 
67 

72 
72 

69 

67 
68 
68 

65 
65 
64 

60 
62 
70 

69 

Wilmineton 

69 

Charleston 

70 

Ancrusta  .... ....  .--. 

67 

Savannah ........... 

70 

Jacksonville 

Titnsville 

70 

P t.  Juniter 

i:ev  West 

79 
64 
71 
70 

78 
67 

78 
64 

• 
77 
66 

77 
57 

77 
68 
69 
72 
72 

72 
72 
75 
72 
64 

64 
71 
74 

68 

76 
63 

68 
70 
68 

67 
72 
74 
69 
62 

68 
70 
72 
71 

76 
59 

"68* 
65 

64 
66 
67 
65 
53 

65 
67 
69 
69 

78 

Atlanta  ...*••  - ...... 

64 

Cedar  Kevs .......... 

Pensacola  .... . ...... 

73 
70 

70 
69 
72 
71 

73 

71 

67 
68 
74 
70 
74 

69 
72 
76 
74 

74 
73 

69 
71 
73 
71 
71 

70 
72 
J5 

67 
65 

66 
61 
63 
60 
62 

56 
63 
70 

71 

MobUe  ---.. 

70 

Montgomery 

Vicksburff 

67 
62 
67 
61 

68 
68 

New  Orleans 

Shreveoort .... .- .... 

71 
67 

Fort  Smith 

Little  Rook 

60 

67 

65 

Palestine .-. 

Galveston 

69 
67 

76 
69 

73 

San  Antonio ......... 

Comus  Christ! ....... 

Brownsville 

75 
72 

75 
71 
57 
65 
66 

74 
72 
61 
69 
69 

59 
63 
66 

Rio  Grande  City 

Abilene  ............. 

73 

•  •  ^  •  • 

74 

70 

72 

Memphis  ...... ...... 

59 
59 

67 
62 

68 
65 

70 
67 

59 
60 

65 

Nashville 

64 
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Table  XVIf.— Novembkb.    Gbbatest  7  a.  m.  Tbmpbraturss— Continaed. 


Stations. 


Chattanooga 
Knozville  ... 
Loaisville  ... 
Indianapolis 
Cincinnati  ... 


Colambns 

Parkenbnrgh 
Pittsburgh  ... 

Oswego 

Rochester 


Bafialo... 

Erie 

Cleveland 
Sandusky 
Toledo  ... 


Detroit.*. 

Port  Huron 

Alpena 

Sault  Ste.  Marie 
Marquette 


Escanaba 

Green  Bay  . . . 
Manistee ..... 
Grand  Haven 
Milwaukee ... 


Chicago 

Dnluth 

St.  Paul... 
La  Crosse  . 
Dubuque.. 


Davenport.... 
Des  Moines. ... 

Keokuk 

Springfield,  111 
Cairo 


St.  Louis 

Springfield,  Mo 
I^av«n  worth... 

Wichita 

Concordia 


Omaha 

Yankton  .. 
Valentine . 
Huron  .... 
Fort  Sully. 


Moorhead 

St.  Vincent 

Bismarck 

FortBuford 

Fort  Assinniboine . 


1880. 


63 
58 
69 

58 


55 


61 
55 
57 

57 
57 
59 
58 
57 

55 
55 
51 


48 
48 


Helena 

Poplar  River 

Fort  Custer 

Rapid  City  . .'. 

Baft  Lake  City 


51 
50 

54 
40 
43 
51 
50 

54 
46 
52 
54 

58 

52 


1881. 


56 
68 
66 
58 
60 

56 


65 
63 
56 

57 
56 
55 
57 
57 

62 
56 
49 


43 
39 


36 
38 
40 
50 

47 


46 
44 


52 

51 
51 

56 
54 

56 
52 
49 
54 
54 

57 
52 
60 
56 
66 

61 


1882. 


60 
61 
65 
63 
64 

60 


64 
50 
59 

62 
64 
64 
63 
63 

62 
58 
56 


61 


56 
46 


41 


36 
35 
40 
42 
45 

45 


45 
52 


49 

52 
52 

60 
64 

64 
45 
46 
58 
63 

64 
52 
66 
64 
66 

66 


1883. 


69 


55 
56 


50 


44 

37 
44 

36 
44 

40 


43 


51 


67 
67 
66 
63 
66 

60 


62 
69 
66 

59 
62 
61 
60 
61 

58 
55 
50 


51 

48 
48 

59 
57 

58 
48 
50 
57 

58 

57 
60 
59 
59 

68 

64 


66 


40 


38 
35 
37 
41 
47 

50 
31 

49 


1884. 


- 


46 


64 
67 
60 
56 
58 

55 


60 
48 
52 

55 
55 
56 
56 
55 

49 
51 
44 


1885. 


48 

40 
40 

51 
44 

48 
44 
46 
47 
46 

51 
49 
53 
54 
54 

55 


66 


55   45 
44   43 


34 


34 
34 
35 
38 
50 

52 
30 
45 


62 
59 
67 
59 
64 

63 

67 
60 
63 

63 
65 
62 
65 
63 

63 
61 
49 

43 

45 
45 

58 
55 

59 
36 
40 

48 
46 

51 
53 
57 
60 
60 

64 

62 

53 

55 
40 
43 
35 


33 
34 
36 
42 
52 

53 

39f 

44 


looo. 


44  I  58 


65 
68 
57 
55 
56 

61 


61 
54 
56 

56 
58 
58 
56 
54 

55 
55 
53 


60 

53 
54 

56 
52 

53 

.50 
57 

58 
58 

57 
59 
59 
54 
60 

61 

'ei* 
'eo 

60 
50 
42 
50 


58 
37 
47 
41 
41 

50 
36 
49 


1887. 


41 


61 
56 
57 
51 
64 

60 


62 

58 
58 

58 
62 
62 
63 
62 

58 
59 
52 


47 

46 
46 

30 

48 

47 
48 
44 
53 
52 

50 
53 
50 
45 
60 

52 

52 


51 

53 
50 
42 
42 


40 
35 
45 
40 
57 

53 
38 
.53 


54 


1888. 


68 
62 
66 
68 
66 

64 
66 
66 
63 
66 

64 
66 
66 
62 
66 

62 
60 
57 
45 
42 


52 
57 
57 
59 

58 
44 

48 
57 
59 

60 
64 
62 
61 
68 

66 
66 
66 
64 
62 

63 
48 
44 
41 
42 

36 
33 
36 
37 
50 

39 
34 
52 
41 
54 


1889. 


64 
60 
60 
57 
63 

64 
68 
65 
49 
50 

57 
60 
63 
66 
60 

60 
57 
46 
40 
40 


45 
49 
51 

48 

46 
39 
40 
41 
44 

48 
43 
47 
48 
66 

52 

44 
44 
41 

41 

38 
45 

38 

48 

34 
40 
40 
40 

48 

44 

■  «  • 

43 
52 
50 


Means. 


63 

63 
62 
58 
62 

60 


63 

58 
58 

59 
60 
61 
61 
60 

58 
57 
51 


48 


48 


55 
53 

54 
45 
46 
54 
53 

55 
53 
57 
56 
62 

59 

61 


53 
45 


41 


39 
36 
40 
40 

48 

47 
47 


49 
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Tabue  Xyn.^NovEMBXB.    GREATEST  7  ▲.  M.  Tempxratubbs— Continaed. 


Stations. 

1880. 

1881. 

43 
42 

48 
18 

1882. 

40 
52 
54 
22 

1883. 

50 
40 
48 
24 

1884. 

40 
39 
47 
22 

1885. 

51 
46 
56 
23 
40 

54 

54 
53 
54 

55 

1886. 

43 
54 
18 
43 

1887. 

41 
40 
40 
26 
46 

1888. 

43 
44 
52 

43 

1889. 

44 

38 
47 

Cleans. 

Cbey6Dt36  ........... 

46 
41 
44 
22 

North  Platte 

Denver .............. 

42 

49 

Pike's  Peak..... 

22 

Montrose...... .... .. 

Las  Animas  ......... 

40 

35 

40 

43 

Paeblo 

64 
61 
60 
68 

46 
65 
71 

54 
45 
49 
45 

39 
47 

DodireCitv 

43 
43 
57 

42 

48 
49 
60 

361 

52 
57 
65 

49 

47 
51 

48 
51 
55 

54 
55 

58 

40 

46 
57 
49 

45 

50 

Fort  Elliott 

53 

Fort  Sill 

56 

Santa  F6 

Lamar,  Mo .......... 

XMisas  City...... ... 

65 

1 
1 

64 

57 

Table  XVIIL— December.    Qrbatest  7  a.  m.  Tbmperatubbs. 


Eastport  ............ 

42 

47 

47 

44 

46. 

52 

47 

47 

39 
48 
57 
51 

65 
44 
53 

48 
49 
48 
55 
49 

52 

50 
51 
50 
54 

49 
52 
54 
52 
61 

55 
60 
59 
63 
61 

56 
60 
62 
66 
74 

77 
52 
60 
62 
64 

59 
59 
62 
59 
56 

48 
45 
49 
56 
54 

55 
52 
54 
52 
53 

50 
55 
56 
61 
58 

58 
60 
61 
60 
61 

60 
58 
61 
65 
76 

74 
58 
66 
68 
68 

62 
65 
64 
66 
66 

47 

Northfield 

Portland.  Me 

Boston .............. 

44 
40 

49 
60 

47 
52 

46 
49 

50 
50 

49 
59 

42 
43 

48 

48 
38 
41 

47 
52 

Nantucket 

Block  Island 

"■"1* 

54 

48 
46 

52 

54 
50 

56 
50 
49 

53 
44 
54 

Albany .............. 

39 
43 

60 
59 

48 

New  York  City 

UarrisburiE 

50 

Philadelpbia 

Atlantic  City 

Baltimore  ........... 

45 

49 
49 
48 
53 
67 

59 

60 

53 

61 
59 
62 
63 

63 

48 

49 
46 
45 
46 
54 

51 

53 

50 
51 
49 
54 
61 

58 

53 

51 
49 
56 
57 
66 

64 

49 

49 
50 
50 
48 
62 

61 

40 

• 

44 
40 
41 
40 
51 

'52 

56 

51 
51 
51 
53 
60 

56 
59 
62 
63 

58 

58 
60 
64 
70 

51 

50 
50 

Washincfton  ......... 

51 

Lynchbargh 

Norfolk 

53 
60 

Charlotte 

Raleigh 

Hatteras 

60 
65 
63 

64 
65 

68 

65 
66 
63 

63 
64 

68 

60 
59 
60 

54 
63 
65 

60 
64 
64 

64 
65 
67 

68 
69 
68 

69 
70 
71 

"65 
66 
65 

64 
68 

68 

59 
57 

58 

55 
56 
61 

62 

Wilmington 

63 

Charleston  .......... 

62 

Augusta 

61 

Savannah  ........... 

63 

Jacksonville 

66 

Titusville 

Pt.  Jupiter 

Key  West 

78 
62 
70 
70 
68 

68 
69 
70 
65 

76 
64 
69 
70 
66 

64 
64 
66 
65 

..* .  • 

74 
50 
62 
64 
67 

59 
60 
6S 
60 
54 

74 

58 
68 
68 
68 

66 
67 
70 
66 
59 

75 
64 
68 
65 
64 

67 
66 
68 
61 
54  1 

75 
60 
64 
65 
62 

59 
68 

66 
67 

58 

72 
51 
60 
62 
60 

56 
55 
62 
60 
45 

76 
52 
64 
66 
61 

59 
64 
65 
64 
57 

7.5 

Atlanta  ............. 

57 

Cedar  Keys 

65 

Pensacola 

66 

Mobile 

65 

Montgomery 

Vieksburg 

62 
64 

New  Orleans 

66 

Shreveport 

:^ 

Fort  Smith 

5G 
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Tablb  XYIII.— Bbcsmbxr.    Gbbatbst  7  a.  m.  TBMPXRATURX8--Oontinaed. 


Stations. 

1880. 
57 

1881. 

64 
59? 
68 
68 

1882. 

58 
64 
66 
60 

1883. 

65 
67 
70 

1884. 

58 
64 
68 

1885. 

61 
66 
69 
66 

•  «  A  fc  • 

1886. 

51 
59 
64 
62 

1887. 

61 

67 
68 
68 

1888. 

66 
62 
66 
64 

68 

68 
63 
60 
53 
57 

54 
64 
53 
46 

47 

43 
45 

48 
46 
47 

45 
49 
45 
47 
46 

44 
43 
42 
42 
39 

1889. 

67 
67 
69 
68 
72 

72 

68 
62 
68 
64 

65 
61 
65 
62 
63 

58 
63 
61 

5:i 

53 

49 
54 
58 
60 
56 

54 
51 
42 
39 
36 

Means. 

Little  Book 

60 

Palestine..... 

64 

Galveston  - ...... .... 

67 
67 

68 

San  Antonio 

65 

Cor  pas  Christ! ....... 

Rrownsville 

72 

71 

72 

70 

71 

70 
67 

72 

70 

71 
67 
61 
60 
56 

55 
58 
58 
49 
53 

60 

70 
67 
55 
54 
54 

52 
49 
46 
45 
48 

45 

72 
68 
62 
56 
57 

53 
52 
55 
54 
54 

50 

71 

Kin  Grande  City 

Abili^ne  ............. 

68 

Memphis ............ 

57 
59 

57 
65 
60 
50 
60 

55 

62 

60 

6:1 
63 
59 
52 
59 

56 

56 
51 

47 
44 
51 
46 

48 

44 

60 
60 

56 
56 
59 
65 
59 

62 

58 
58 

62 
59 
56 
54 
65 

55 

68 

Nashville 

68 

Chattanooga 

Knoxville 

56 
56 

Lonisville...... .-... 

56 

Indianapolis 

Cinoinnati 

Cnlnm'hns  -  .^..-,,  i,t-- 

51 
56 

52 

Parkersbnrirh  ....... 

Pittsbnrffh 

56 
38 
40 

41 
45 
54 
51 
51 

45 
44 
37 

65 
54 
53 

48 
54 
56 
54 
54 

54 
46 
36 

43 
40 
39 

41 
41 
41 
43 
45 

46 
38 
35 

57 
54 
52 

51 
47 

49 
52 

50 

.53 

48 
41 

56 
51 
56 

64 

60 
59 
59 
56 

56 
51 

48 

53 

48 
49 

47 

51 
51 
50 
47 

50 
44 
35 

49 
40 
41 

42 
44 

47 

45 

44 

42 
38 
41 

52 
44 

48 

48 
50 
56 
53 
53 

49 
51 
39 

64 

Osweiro  ............. 

47 

Rochester 

48 

Buffalo 

47 

Erie 

60 

Cleveland ....... .... 

51 

SanduaJcy 

51 

Toledo 

50 

Detroit 

Port  Huron .......... 

49 
45 

Alpena  ......•..••.•• 

40 

Saalt  Ste.  Marie 

Marquette.  •••••• .... 

34 
.37 

37 
36 

35 
34 

43 
41 

40 
37 

40 
38 

36 

36 
37 

42 

41 

40 

38 

£scanaba  ........... 

38 

Oreen  Bay ••... ...... 

43 
42 
42 
43 

45 
42 
50 
48 
49 

46 
53 
50 
52 
54 

52 
52 
54 
65 
50 

55 
56 
52 
43 

;^9 

40 
52 
53 
55 

61 
36 
38 
42 
57 

58 
60 
,59 
59 
66 

62 

Manistee  ...... ...... 

Grand  Haven 

Milwftnlcee .... ...... 

43 
37 

38 
34 
34 
32 
34 

37 
36 
40 
40 
51 

42 

46 
43 

55 
37 
37 
44 
43 

48 
45 
55 
58 
60 

60 

39 
42 

38 
32 
33 
35 
39 

39 
42 

40 
42 
49 

41 
53 

47 

54 
52 

52 
39 
39 
50 
52 

53 
45 
51 
54 

58 

59 

49 
44 

52 
35 
34 
36 
42 

44 
39 
43 
55 
67 

60 

42 
42 

46 
37 
40 
44 
42 

46 
49 
46 
52 
55 

60 

41 
39 

46 
32 
38 
43 
39 

42 
44 
46 
49 
49 

55 

49 
41 

49 
34 
34 
36 
37 

38 
37 
41 
43 
67 

4P 

46 
44 

Chicairo. ...... ...... 

• 

48 

Dnlnth 

86 

St  Paul 

38 

Ija  Crosse  ........... 

41 

Dnbuque ...... ...... 

43 

Davenport 

45 

Des  Moines 

45 

Keokuk 

47 

Springfield,  111 

Cairo 

60 
66 

8t.  Louis 

55 

Sprinsfield,  Mo 

Leavenworth 

Kansas  Citv 

37 

51 

"53 

42 

50 

46 

43 

59 
61 

48 

T^mar 

53 

44 

68 

WichiU 

.59 
57 
60 
41 
44 

Concordia 

52 
50 
43 
'36 

48 
45 
42 
44 

42 
42 

36 
40 

Oniaba 

34 
30 

47 
35 

43 
41 

51 
41 

• 

36 
34 

46 

Tankton 

39 
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Table  XVIII.— December.    Greatest  7  a.  m.  Temperatures— Continued. 


Slations* 

1880. 

1881. 

35 
37 

1862. 

33 
31 

1883. 

38 
44 

1884. 

38 
32 
32 
40 
35 

41 
48 
44 
30 
44 

1885. 

35 
38 
45 
33 
31 

3S 
56 
44 

29 
54 

1886. 

1887. 

1888. 

1889. 

Means. 

FortBuford 

35 

32 
32 
32 
25 
31 

26 
44 
46 
24 
43 

34 
35 
39 

30 
29 

35 
41 

46 
25 
41 

45 
43 
48 
39 
32 

42 
50 
44 
50 
45 

42 
41 
34 
38 
42 

36 

48 
48 
48 

55 
35 

31 
40 
38 
35 
34 

35 
36 
36 

34 

51 
51 
45 
38 
52 

52 
50 
54 

58 
50 

36 

Huron  .............. 

37 

Fort  Sully 

Moorhead 

30 
26 

42 
49 
45 

26 
25 

31 
42 
42 

45 

38 
31 

39 
44 
46 
31 
39 

33 

St.  Vincent 

32 

42 
44 

40 

31 

Bismarck 

37 

Fort  Afwinniboine  ... 
Helena..... 

45 
43 

Ponlar  River 

Fort  Caster  ....••... 

38 

40 

42 

Ranid  Citv 

Salt  La>Ee  City 

Cheyenne  

42 

48 
33 
44 

21 

44 

46 
40 
50 

20 

46 
46 
Z6 
50 

22 

46 
50 
47 
49 

27 

48 
43 
42 

48 

21 

46 
47 
46 
45 

26 
35 

46 

36 
54 

17 
38 

45 
41 
36 

48 

19 
38 

46 
45 

North  Platte 

Denver .............. 

39 

AH 

Pike'sPeak 

22 

Montrose ...... ...... 

Pueblo 

DodoreCitv 

34 
47 

57 
35 

44 

40 

58 
42 

34 
44 

42 
36 
28 

45 
51 

""io" 

36 
45 

46 
41 
44 

52 
53 

53 
37 
42 

43 
43 

49 

3:) 

34 

42 
46 

61 
36 
36 

43 

Port  Elliott 

47 

Port  Sill 

r>3 

Santa  F6 

3d 

LiBA  Animas    ........ 

Table  XIX.— January,    Greatest  7  a.  m.  Temperatures. 


Eastport .... 
NorthfieW... 
Portland,  Me 

Boston 

Nantucket  .. 


Block  Island  .. 

Albany 

New  York  City 

HarrisburK  -  -  -  - 
Philadelphia  .. 


Atlantic  City 
Baltimore . . . 
Washington  . 
Lynchburgh . 
Norfolk 


Charlotte... 
Raleigh  .... 
Hatteras  ... 
Wilmington 
Charleston  . 


Augusta..... 

Savannah  

Jacksonville 

Titnsville 

Pt.  Jnpiter «.. 


43 


47 
50 


40 
49 


50 

53 
51 
50 
53 

59 

54 


63 
66 
65 

61 
63 
65 


38 


35 
41 


41 
39 


42 

45 
41 
39 
40 
57 

50 


54 
57 
59 

53 

58 
60 


41 


36 


40 
49 


39 
42 


45 
47 


50 

50 
51 
51 


5t 

59 

58 

63' 

63 

63 

66 


67 


44 
41 
41 


46 

42 
44 
41 
44 

58 

53 


56 
64 
61 

63 
64 
66 


;i8 


38 
39 


46 


51 
55 


49 
45 
43 


48 

44 
46 
44 

49 
56 

53 


63 
62 

59 

60 
64 
67 


52 
52 


57 

50 

58 
57 

58 
68 

60 


65 
67 
64 

63 
66 
68 


43 


47 

49 


51 
55 

48 


53 

46 
51 
54 
o9 
59 

62 


58 
65 
62 

61 

64 
66 


46 


44 

52 
49 

51 
47 
51 


54 

47 
50 
53 
56 
62 

57 
61 
61 
61 
60 

60 
60 
64 


46 
29 
;57 
45 
45 

45 
35 
47 

50 

45 
44 
45 

58 
60 

60 
60 
60 
64 
62 

66 
63 
65 
68 
74 


44 

42 

44 

45 

42 

41 

46 

47 

50 

52 

45 

53 

47 

51 

56 

.^i 

50 

47 

59 

50 

57 

49 

58 

53 

60 

60 

59 

.57 

63 

62 

60 

65 

m 

61 

62 

62 

62 

60 

&\ 

64 

ft'') 

69 

74] 
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Table  XIX.--JANUARr.    Giiea.tbst  7  a.  m.  Tsmperatures— Oontiuued. 


Stations. 

18B0. 

75 
61 
67 
65 
63 

64 
68 
67 
68 

1881. 

•   74 
50 
63 
64 
64 

63 
63 
64 
62 

1882. 

74 
64 
68 
67 
67 

68 
69 
70 
66 

1883. 

76 
57 
64 
'  66 
66 

66 
59 
71 
63 
50 

60 
62 
63 
65 

1884. 

74 
55 
66 
61 
61 

60 
62 
62 
62 
62 

62 
64 
60 

...» - 

1885. 

1886. 

1887. 

74 
58 
61 
63 
65 

61 
63 
69 
64 
63 

62 
65 
62 
66 

1888. 

75 
61 
66 
64 
64 

62 
66 
68 
66 
62 

66 
69 
63 
68 
68 

70 
67 
63 
67 
66 

62 
60 
57 

58 
62 

57 

59 
38 

46 
54 

48 
46 
40 

38 
40 
36 

^ 

30 
32 

1889. 

75 
53 
64 
63 
62 

57 
67 
66 
56 
52 

57 
64 
62 
66 
69 

70 
66 
60 
56 
53 

53 
51 
52 

48 
48 

47 
52 
54 
52 

47 

41 
43 
44 
46 

48 

45 
40 
35 
33 
37 

39 
40 
43 
41 

46 
35 
38 
41 
42 

46 
42 
49 
51 
53 

Terms. 

Key  Weet 

Atlanta 

Cedar  Keys 

74 
57 
66 
68 
65 

68 
60 
68 
60 
42 

53 
58 
65 

73 

58 
60 
66 
62 

64 
66 
68 
59 
52 

52 
64 
65 
64 

74 
57 
64 

Peosacola  ..••.•••.. . 

65 

Mobile  .............. 

64 

Montsomerv 

63 

Vicksbnrg 

64 

Na^  Orleans 

Shreveport .......... 

67 

6:^ 

Fort  Smith 

Little  Roek 

67 

53 

64 
66? 

67 
68 

60 

Palestine....  •• ...... 

64 

Qal  veston 

68 
68 

60 
63 

64 

San  Antonio 

66 

Comns  Christi 

Brownsville 

73 
71 

68 
66 

72 

68 

68 

67 
67 

68 
67 

69 
65 
54 
54 
57 

54 
52 
53 
51 
49 

46 

69 
65 
58 
60 
60 

59 
63 
56 
55 
54 

50 

69 

Rio  Grande  City 

Abilene  -.-. 

67 

Memphis ...... ...... 

65 
64 

60 
56 
61 
60 
61 

57 

51 
46 

46 
46 
44 
42 
44 

38 

62 
61 

66 
59 
67 
50 
55 

48 

58 
5S 

58 
58 
5n 
42 
54 

45 

59 
54 

62 
59 
53 
51 
51 

40 

54 
51 

58 
56 
60 
47 
52 

46 

59 

Nashville 

57 

Chattanooga 

Knozville 

58 
56 

Louisville..... 

54 

Indianapolis  ...^ 

Cincinnati 

50 
58 

Colnmbns ......  ..•.. 

47 

Parkersburirh  ....... 

Pittsburgh 

58 
48 
52 

53 
60 
59 
55 
53 

50 
46 
37 

43 
32 
36 

35 
38 
38 
39 
39 

34 
33 
25 

53 
41 
41 

43 
50 
52 
50 
51 

48 
43 
35 

48 
41 
36 

38 
46 
47 
44 
44 

39 
35 
27 

46 
38 
33 

34 
39 
43 
44 
44 

44 

37 
35 

56 
51 
50 

42 

46 
48 
46 
46 

48 
36 
32 

54 
42 

52 

54 
53 
51 
50 
47 

49 
48 
37 

56 
46 

48 

49 
52 
53 
54 
55 

50 
45 
32 

53 

Oswego  ...» 

43 

Rochester  ........... 

43 

Bafialo 

43 

Erie 

48 

Cleveland ........... 

48 

Sandnsky 

47 

Toledo 

47 

Detroit 

45 

Port  Huron.. 

40 

Alpena 

33 

Sault  Ste.  Marie 

Marqnette 

V    45 
38 

27 
25 

36 
35 

24 
28 

32 
34 

33 
30 

30 
33 

30 

31 
37 

'  32 

Escanaba  ..••.••.... 

31 

Green  Bav.... ...... . 

Manistee ...... ...... 

Grand  Haven 

Milwaukee 

56 
47 

57 
37 
41 
49 
47 

55 
53 
59 

60 
63 

37 

28 

37 
27 

29 
25 

.28 

35 
33 
37 

40 

4e! 

^. .  •  ■ 
44 
41 

48 
30 
33 
37 
41 

48 
42 
48 
51 
59 

37 
35 

38 
17 
22 
34 
33 

34 
27 
32 
42 

49 

41 
44 

44 
31 
41 
38 
39 

46 
36 
52 
51 

58 

.77 
36 

41 
26 
28 
33 
34 

38 
35 
41 
41 
49 

37 
39 

42 

28 
29 
34 

:i5 

44 

34 
48 
52 
54 

44 

40 

47 
20 
26 
37 
36 

41 
36 
52 
56 
60 

34 
35 

39 
27 
22 
31 
35 

38 
31 
36 
41 
66 

41 
39 

Chicaso .. .. ......... 

44 

Duluth 

28 

St.  Paul 

31 

La  Crosse 

36 

Dubuq^ue ............ 

37 

Davenport  .......... 

42 

Des  Moines 

35 

Keokuk  ............. 

45 

Sprint^field,  111 

Cairo 

48 
55 
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Tabls  XIX.— January.    Gruatrst  7  a.  m.  Temfbraturk»— Continued. 


Stations. 

1880. 
59 

1881. 
42 

1882. 

53 
65 
54 

1883. 

46 
40 
31 

1684. 

1885. 

1886. 

1887. 

1888. 

1889. 

52 
52 
44 

47 

44 

34 
38 
33 
32 

27 
31 
34 
30 
27 

32 
38 

32 
28 
31 

45 

38 
35 
30 
28 

Means. 

St,  Lonia  ••... 

57 

50 

56 

58 

59 
58 
45 

55 

36 
33 
30 
37 

41 
24 

29 
23 
14 

29 
43 
44 
10 
42 

41 
45 
43 
SO 
53 

42 

59 

53 

SprinfffieM.Mo 

Leayen  worth 

Kansas  City 

54 

37 

37 

36 

32 

56 

43 

Lamar  .......•• 

I 

49 

60 

Wichita 

Concordia 

36 
33 
33 
41 

15 
22 
27 
12 
6 

18 
42 
42 
14 
39 

43 
32 
35 
36 

23 
27 

29 
15 
20 

21 
41 
44 

18 
43 

Omaha ••. .. 

53 
45 

32 
29 

43 
38 

30 
26 

37 
37 

34 
42 

*  37 

Yankton 

35 

Valentine  ..,— . .... . 

FortBnford 

Hnron  .............. 

42 

27 

30 
32 

38 
25 

32 
39 

38 
41 

31 
30 

Fort  Snlly 

Moorhead 

25 
22 

26 
40 
44 

35 
23 

27 
36 

37 

10 
10 

38 
39 
39 

37 
31 

35 

41 
32T 
.35 
40 

34 
25 

34 
43 

47 
28 
47 

25 

dt.  Vincent 

20 

Bismarck 

Fort  Assinniboine  . . . 
Helena 

44 

•  •  •  •  • 

30 
40 
40 

Poplar  River 

FortCnster 

Rapid  City 

49 

39 

• 

35 

41 

Salt  Lake  City 

Cheyenne 

41 

44 
40 
49 

49 
45 
35 
55 

43 

49 
30 
43 

40 
38 
36 

48 

42 
41 
36 
50 

44 
44 

32 
53 

• 

47 
42 
39 
51 

40 
36 

49 

"'33' 
62 

42 

38 

44 
42 

North  Platte 

34 

Denver.... 

49 

Montrose 

T'AS  Animas  .... 

27? 

39 

34 

38 

Pneblo 

34 
34 

47 

50 
36 

Pike's  Peak 

Dodge  City...v 

Fort  Elliott :... 

19 
48 

55 
66 
31 

15 
32 

42 
42 
34 

19 
40 

41 
53 
34 

16 
33 

40 
42 
39 

18 
42 

48 

15 
33 

44 
40 
32 

13 
39 

44 
41 
36 

16 
45 

55 
6C 
42 

20 

47 

51 
54 

41 

17 
39 

47 

Fort  Sill 

60 

Santa  F6 

36 

Table  XX.— February.    Greatest  7  ▲.  m.  Temperatures. 


Eastport 

40 

40 

41 

40 

35 

32 

45 

40 

42 
42 
41 
46 
42 

39 
38 
43 

48 

47 
64 
46 
50 

5H 

44 

34 
34 
42 

40 

44 
36 
42 
34 
39 

44 
38 
38 
42 
61 

40 

Northfield 

Portland,  Me 

Boston....... 

45 
55 

41 
46 

43 
44 

39 
50 

41 
45 

41 

44 

44 

54 

38 
44 

46 

44 
38 
51 

41 
47 

Nantncket  .,-x  a 

Block  Island 

45 
44 
55 

50 
51 
52 

'    49 
38 
44 

48 
39 
46 

Albany 

48 
51 

47 

46 

49 

48 

43 

New  York  City 

Harrisbnrg ...... .... 

48 

Philadelphia 

Atlantic  City 

Baltimore  .-... 

55 

55 
58 
58 
61 
63 

53 

45 
51 
57 
59 
65 

46 

50 
55 
54 
62 
61 

59 

46 
62 

62 
64 
62 

61 

48 
63 
61 
62 
66 

42 

45 
41 
40 
43 
6:^ 

44 

40 
42 
43 
43 

49 

59 

43 
59 

58 
58 
62 

50 

46 
53 

Washington 

52 

Lynchbnrffh... 

54 

Norfolk... 

61 
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Table  XX.— Fbbruart.    Greatest  at  7  a.  m.  TKMPERATURES^Continiied. 


Stations. 

1880. 
63 

1881. 
67 

1882. 
62 

1883. 
64 

1884. 
62 

1885. 
52 

1866. 
52 

1887. 

57 
59 
58 
62 
62 

60 
64 

68 

1888. 

57 

56 
61 
61 
61 

58 
62 
69 
70 
73 

76 
54 
68 
68 
65 

62 
62 

66 
58 
56 

58 
68 
65 
63 
68 

70 
66 
58 
56 
55 

54 
53 
49 

48 
47 

49 

1889. 

63 
66 
64 
63 
6:^ 

70 
65 
66 
70 
73 

77 
60 
64 
66 
64 

69 
69 
70 
68 
60 

64 
67 
65 
64 
66 

69 
69 
60 
62 
63 

57 
58 
61 
49 
53 

42 
48 
47 
41 
38 

37 
42 
36 
36 
35 

34 
34 
32 
27 
30 

34 
32 
33 
37 

Means. 

Charlotte 

59 

Raleigh 

Hatteras 

62 

67 
65 

64 
65 
65 

54 

64 
60 

64 
62 
66 

65 
63 
65 

66 
66 
68 

59 

66 
66 

67 
66 
70 

65 
66 
64 

65 
65 
69 

62 
60 
60 

59 
60 
65 

57 
62 
60 

59 
61 
60 

61 

Wilmlmrton ....  ---. . 

63 

Charleaton  •.•«...... 

63 

Anfiroata...... ...... . 

63 

Savannah 

64 

Jackson  ville 

Titnsville 

67 

Pt.  Jnpiter 

\ 

Key  West 

74 
64 
66 
68 
65 

68 
66 
68 
69 

75 
61 
65 
6*? 
63 

• 

64 
61 
67 
60 

83 
62 
68 
67 
67 

67 
70 
70 
68 

75 
65 
72 
71 
70 

69 
70 
72 
70 
64 

68 
71 
68 
70 

75 

62 
70 
67 
65 

67 
67 
69 
68 
60 

66 
68 
66 

74 
59 
64 
63 
56 

64 
66 
69 
59 
51 

54 
56 
61 

72 

54 
61 
60 
59 

62 
64 
66 
63 
50 

54 

63 
63 
63 

76 
63 
70 

70 
68 

65 
70 
71 
69 
68 

65 

68 
68 
68 

76 

Atlanta  ............. 

60 

Cedar  Keys  -. 

67 

Pensacola  •••.. 

67 

Mobile 

64 

MontKomery 

Vioksbnrg.... 

66 
66 

New  Orleans 

Shrevenort .......... 

69 
65 

Fort  Smith 

58 

Little  Rook 

64 

59 

66 
70 
69 
68 

62 

Palestine 

66 

Galveston......  •.... 

68 
69 

65 

66 

San  Antonio 

66 

Corpus  Ohristi ....... 

Brownsville 

73 
72 

69 
69 

73 
71 

71 

69 
71 

64 
64 

• 

70 
68 
56 
54 
54 

55 

58 
48 
48 
49 

46 

72 
70 
64 
64 
67 

65 
64 
64 
57 
63 

63 

70 

Rio  Grande  City 

Abilene •... 

69 

Memphis  .•••••  •.•••• 

66 
60 

66 
66 
61 
60 
60 

56 

57 
55 

60 
59 
55 
53 
56 

31 

66 
64 

59 
58 
60 
56 
59 

55 

67 
67 

63 

65 
64 
63 
63 

55 

66 
64 

63 
62 
64 
57 
62 

57 

56 
62 

58 
54 
46 
37 
42 

40 

61 

Nashville 

61 

Chattanooga 

Knoxville 

60 
60 

Lonisville  ........... 

57 

Indianapolis 

Cincinnati 

53 

55 

Coltambns ...... ..... 

52 

Parkersbnrgh  ....... 

Pittsburgh 

57 
50 
52 

52 
54 
55 
56 
53 

50 
50 
42 

53 
47 
43 

51 
50 
51 
50 
49 

54 
47 
35 

57 
49 
52 

50 
55 
53 
53 
54 

54 
48 
43 

60 
49 
46 

48 
52 
54 
57 
53 

54 

48 
33 

60 
48 

48 

40 
46 
45 
51 
43 

50 
40 
32 

48 
26 
30 

30 
40 
40 
37 
38 

35 
28 
27 

46 
40 
41 

45 
45 
43 
44 
43 

46 
42 

38 

64 
39 
44 

50 
56 
58 
56 
55 

50 
46 
46 

53 
41 
43 

47 
49 
52 

4» 
48 

44 
45 
34 

31 

33 
33 

34 
36 

55 

Osweiro  ............. 

43 

Rochester  , 

44 

Buffalo 

46 

Erie 

49 

Cleveland .-.-.. .... . 

49 

Sandnskv  ........... 

49 

Toledo 

47 

Detroit.... 

47 

Port  Huron 

43 

Alpena...... ........ 

36 

Sanlt  Ste.  Marie 

Mju^uette...... .... . 

38 

39 

• 

35 
34 

41 

38 

35 
34 

30 
35 

29 

43 

35 

31 

35 
37 

36 

Escanaba  

Green  Bay.... ...... . 

35 

Manistee ...... ...... 

Grand  Haven 

Milwaukee 

49 
51 

38 

49 

48 

"49 

46 

45 
41 

32 
30 

41 
40 

44 
46 

42 
41 
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Table  XX.— Fbbruary.    Greatbbt  at  7  a.  m,  Tbbifsratdrss— CoDtinned. 


Stations. 

1880. 

54 
30 
39 
45 
43 

47 
53 
51 
56 
64 

60 

1881. 

46 

30 
34' 
36 

38 
37 
42 
43 
53 

48 

1882. 

51 
38 
44 
52 
46 

53 
55 
53 
55 
63 

56 
56 
57 

1883. 

40 
34 
34 
35 
43 

50 
37 
60 
58 
66 

64 
56 
44 

1884. 

45 
27 
:i5 
35 
40 

45 
37 
42 
47 
63 

50 

1885. 

37 
31 
35 
33 
36 

38 
36 
36 
42 
47 

52 

1886. 

46 
37 
35 
40 
39 

40 
41 
42 
46 
51 

52 

1887. 

54 

30 
31 
31 
34 

39 
35 
50 
57 

58 

63 

1888. 

45 
33 
32 
35 
38 

43 
41 
44 
46 
52 

48 
50 
49 

1889. 

36 
27 
31 
33 
36 

38 
42 
39 
44 
64 

54 
57 

% 

42 
43 
45 
44 
41 

29 
35 
36 
23 

24 

33 
47 
52 
35 
39 

41 
39 
43 
40 
64 

Means. 

Cliicairo 

46 

Doliitn 

32 

St.  Paul 

35 

La  CTOflse 

37 

Dabuqae ............ 

39 

Davenport 

43 

Des  Moines 

41 

Keokuk 

46 

Springfield,  ni 

Cairo 

49 

58 

St.  Lonis   ...•.  .----- 

55 

Springfield,  Mo 

Leavenworth 

Kansas  City 

57 

48 

40 

39 

47 

53 

48 

Lamar 

51 

64 

56 

•  »  •  «  • 

Wichita 

Concordia..... 

47 
42 
46 
38 

35 
35 
37 
32 
34 

37 
50 
52 
36 
41 

47 
35 
35 
31 

43 
25 
36 
27 
22 

35 
40 
45 
31 
41 

45 
43 
40 
46 

28 
32 
36 
34 
26 

31 
41 
47 

25 
38 

40 
50 
38 
40 
46 

46 
49 

17 
49 

62 
55 
40 

Omaha .............. 

53 
42 

39 
35 

52 
39 

38 
33 

38 
38 

37 
37 

42 

Yankton  ...... ...... 

39 

Valentine 

Fort  Buford 

32 

38 

37 
38 

22 

:)6 

32 
33 

39 
36 

32 

Haron  .............. 

34 

Fort  Snlly 

Moorheaa  ...... ..... 

27 
27 

23 
44 

49 

34 
30 

39 
46 
42 

30 
22 

28 
38 
44 

27 

18 

32 

39 
48 
24 
46 

33 
27 

39 
41 
45 
33 
41 

30 

St.  Vincent 

26 

Bismarck  ........... 

38 

34 

Fort  Assinuiboine  ... 
Helena 

43 
47 

Poplar  River 

Fort  Cnster 

^8 

43 

■44 

41 

Rapid  City 

Salt  Lake  City  ...... 

Cheyenne 

39 
35 
36 
43 

49 
46 
37 
49 

40 
39 
43 
46 

44 

41 
33 
35 
35 

41 
38 
40 
46 

34 

42 
42 
35 
49 

38 
:)3T 

48 
45 
37 
44 

37 
32 

48 

"32' 
42 

47 
43 

44 
40 

North  Platte 

Denver 

38 
45 

Las  Animas 

• 

Montrose 

46 

40 

50 
54 
34 

Pneblo ...... ...... .. 

Pike's  Peak 

10 
52 

48 
60 
32 

18 
44 

50 
55 

40 

10 

48 

45 
55 
52 

16 
39 

45 
52 
41 

15 
42 

39 

■  «  •  •  • 

11 
37 

42 
42 
37 

18 
46 

49 
39 
39 

17 
46 

57 
57 
44 

15 

Dodire  City 

44 

Fort  Elliott 

48 

Fort  Sill 

52 

Santa  F6 

40 

Tablk  XXI.— March.    Greatkst  7  a.  m.  Temperatures. 


Eastnort 

37 

39 

42 

40 

42 

41 

36 

37 
34 
39 
46 
44 

39 
39 

40 
48 
46 

42 
42 

46 
52 
49 

40 

Northfield 

Portland,  Me 

Boston 

43 

48 

39 
42 

47 

48 

41 

50 

42 
50 

42 
44 

39 
46 

42 

47 

Nantucket 

KEPOBT   OF  THE   CHIEF   SIGNAL  OFFICER. 


171 


Tablb  XXI.— Mabcii.    Grbatest  at  7  a.  m.  Temperatures— Con  tinned. 


Stations. 


Block  Island  . . 

Albany 

New  York  City 

Harrisbnrg 

Philadelphia.. 


Atlantic  City 
Baltimore  ... 
Washinf^n . 
Lynchbnrgh 
Norfolk 


Charlotte  .. 

Raleigh 

Hatteras  ... 
Wilmington 
Charleston  .. 


Angnsta 

Savannah  . . . 
Jacksonyille 
TitasviUe  . . . 
Pt.  Jnpiter .. 


Key  West .. 
Atlanta  — 
Cedar  Keys. 
Pensaoola  .. 
Mobile 


Montgomery 
Vicksbnrg.. . 
New  Orleans. 
Shreveport . . 
Fort  Smith.. 


Little  Bock  ... 

Palestine 

Galveston . 

Ban  Antonio... 
Corpus  Christ!. 


Brownsville  ..... 
Bio  Grande  City. 

Abilene 

Memphis 

Nashville 


Chattanooga  .., 

Knoxville 

Lonisville 

Indianapolis  .. 
Cincinnati  .... 


Colombns  .... 
Parkersbnrgh 
Pittsburgh  ... 

Oswego 

Rochester  .... 


Bnfialo 

Cleveland 

Sandnsky  

Toledo 


18d0. 


46 

5a 


59 

51 
63 
64 
63 

68 

63 


64 
69 

68 

70 
70 
72 


77 
65 
74 
72 

70 

69 
70 
71 

70 


68 


74 


77 
73 


66 

68 

66 
66 
64 
57 
61 

56 


58 

54 

46 
54 

5:j 

51 
50 


1681. 


41 
4^^ 


43 

44 

46 
45 
51 
55 

55 


56 
62 
62 

62 
64 
69 


77 

58 
67 
68 
68 

63 
65 
70 
64 


59 


67 
67 


74 
71 


60 

58 

58 
55 
53 
51 
53 

47 


1882. 


50 
49 


59 

53 
54 
57 
56 
66 

63 


62 
65 
67 

70 
69 
72 


77 

64 
71 
71 
72 

68 
70 
73 
70 


71 
83 
72 

70 


75 
74 


52 
40 
43 

45 
47 

40 

as 

38 


70 
66 

66 
63 
63 
58 
62 

58 


58 
45 
53 

52 
56 

57 
56 

5H 


1883. 


46 
48 
46 


49 

45 
51 

48 
50 

58 

59 


60 
()2 
62 

63 
65 
67 


76 
62 
69 
69 
69 

68 
66 
70 
65 
52 

a^s 

67 

70 
70 


74 


64 
59 

64 
62 
55 
47 
57 

47 


54 
47 

44 

44 

48 
46 
45 
46 


1884. 


48 
48 
49 


55 

52 
56 
55 
60 
62 

63 


65 
66 
67 

66 
72 
73 


76 
62 
72 
70 
68 

68 
70 
72 
69 
66 

65 
67 
70 


73 
73 


66 
62 

61 
60 
60 
57 

58 

53 


1885. 


49 
40 
43 


42 

42 
47 
44 
44 
53 

59 


60 
62 
61 

61 
65 
67 


76 
56 

6:i 

63 
62 

66 
65 
69 
68 
54 

57 
66 
67 
68 


72 
73 


56 
49 
49 

52 
53 
55 
52 
52 


55 
54 

56 
55 
54 
47 

48 

43 


47 
42 
43 

42 
45 
44 
44 
42 


1886. 


49 
51 
00 


58 

49 
58 
63 
64 
69 

61 


62 
70 
65 

66 
69 
71 


76 
63 

70 
68 
67 

70 
62 
72 
62 
59 

61 
62 
67 
64 


70 
71 
61 
64 
63 

63 
58 
62 
59 
60 

59 


61 
56 
57 

51 
53 

58 
58 
56 


1887. 


48 
36 
43 


44 

45 
44 

45 
54 
55 

52 
56 
65 
62 
62 

58 
63 
(>6 


74 

58 
68 
08 
65 

66 
64 
(')6 

m 

55 

60 
()5 
69 
67 
70 

70 
71 
64 
59 
59 

59 
55 
57 
51 
56 

54 


56 
37 
42 

43 
50 
52 

48 
46 


1888. 

1889. 

46 

46 

43 

40 

44 

49 

— 

47 

54 

52 

50 

47 

56 

52 

60 

50 

62 

53 

68 

54 

60 

56 

65 

52 

66 

58 

67 

a3 

65 

62 

70 

60 

67 

61 

70 

62 

70 

67 

74 

71 

76 

75 

62 

56 

68 

63 

68 

66 

67 

66 

69 

65 

66 

62 

71 

65 

65 

66 

60 

64 

6.3 

64 

65 

68 

66 

m 

66 

68 

70 

69 

72 

70 

70 

70 

62 

66 

60 

64 

62 

63 

60 

62 

.')7 

54 

62 

63 

55 

60 

67 

62 

52 

50 

— 

64 

59 

50 

44 

46 

50 

45 

48 

44 

53 

47 

52 

50 

51 

49 

52 

44 

Means. 


44 

47 


52 

48 
53 
53 
56 
61 

59 


62 
65 
64 

65 
67 
69 


76 
61 
69 

68 
67 

67 
66 
70 
66 
59 

63 
68 
69 
68 


73 
72 


63 
61 

62 
58 
59 
54 
67 

52 


55 
46 

48 

47 
51 
51 
49 

48 
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Table  XXI.— March.    Qreatbst  at  7  a.  m.  Tempebatorss— Continued. 


Stations. 

1880. 

48 
46 
40 

1881. 

42 
36 
32 

1882. 

49 
51 
40 

18^. 

49 
35 
33 

1884. 

51 
46 
38 

1885. 

44 

») 
31 

1886. 

44 
40 
33 

1887. 

42 
38 
35 

1888. 

48 
48 
35 

38 

36 
39 

49 
50 

51 
29 
34 
36 

58 

55 
41 
57 
55 
62 

60 
56 
57 

57 

49 
42 
43 

40 

37 
tl 
37 
32 
31 

43 
45 
43 
36 
39 

45 
54 
40 
34 
40 

41 
54 

18 
49 

55 
57 

40 

1889. 

44 
42 
44 

38 
41 

42 
44 
43 
43 

46 
46 
38 
44 
47 

48 
34 
46 
53 
64 

61 
60 
51 
51 

51 
51 
51 
42 
41 

38 
21 
45 
43 
38 

43 
44 
44 
39 
46 

47 
53 
43 
42 
42 

Means. 

Detroit 

46 

Port  Huron 

42 

Alp^nft ...» ,. 

36 

Sault  Ste.  Marie 

MarQuette 

40 
35 

34 
32 

40 
36 

37 
32 

42 
37 

35 
34 

35 
36 

:)2 

32 
37 

37 

Esoanaba 

35 

Green  Bav. 

..... ■ . 

Manistee ........ 

Grand  Haven 

Milwaukee 

Chicago 

52 
43 

49 
37 
43 
48 
52 

55 
53 
57 
58 
63 

61 

37 
33 

36 
34 
37 
40 
34 

34 
37 
42 
46 
60 

56 

46 

48 

50 
37 
42 

48 

48 

53 
49 
56 
57 
66 

64 

66 
60 

37 

40 

45 
36 
35 
39 
49 

48 
41 
49 
51 
57 

51 
49 
53 

49 
44 

46 
37 

48 
48 
48 

60 
47 
56 
52 
63 

58 

39 
39 

44 

35 
42 
40 
42 

43 

46 
47 
49 
51 

54 

40 
38 

51 
35 
38 
43 
38 

52 
44 

58 
58 
62 

63 

"ii" 

44 
33 
38 

40 
40 

45 
53 
49 
50 
57 

60 

43 
42 

46 

Doluth 

St.  Paul 

36 
40 

La  Crosse , 

43 

Dubuque  •••.. 

45 

Davenport  ...  - 

48 

Des Moines 

45 

Keokuk 

52 

Springfield,  111 

Cairo  .•... 

53 
60 

St.  Louis 

59 

SDrinirfteld.  Mo 

Leavenworth 

Kansas Citv  .  . ...   ... 

60 

45 

54 

47 

58 

51 

54 

Lamar  .............. 

51 

60 

61 

Wichita 

Concordia . ...... . 

«  •  «  •  * 

49 
44 
44 

42 

39 
46 
44 

39 
37 

40 
45 
45 
43 
41 

50 

44 
44 

45 
38 
54 
34 
34 

38 
44 
51 
34 

49 

Omaha 

50 
51 

37 
38 

58 
48 

46 

38 

55 
44 

47 
43 

48 

Yankton 

44 

Valentine 

Port  Bnford 

35 

35 

40 
38 

43 

38 

36 
41 

40 
39 

39 

Huron 

37 

Fort  Sullv 

Moorhead .. 

32 
30 

33 
45 
50 

35 
29 

44 
45 

47 

32 
32 

38 
41 
46 

35 
32 

38 
33 
:i7 
35t 

30 

37 
29 

39 
45 
47 
34 
47 

35 

St.  Vincent 

32 

1 

Bismarck 

Fort  Assinniboine  .. . 
Helena 

38 

39 

4:t 

46 

Ponlar  River  ........ 

Fort  Custer 

45 

42 

54 

44 

Ranid  Citv 

Salt  Lake  City 

Cheyenne  ..-.. 

46 
36 
44 
46 

.52 

46 
39 
43 

46 
44 
46 
55 

56 
36 
37 

50 

46 
36 
46 
44 

48 
40 
35 
40 

38 

40 

45 
42 
42 
45 

40 
49 

55 
49f 
40 
45 

47 

48 

50 
41 

North  Platte 

Denver 

41 
45 

Montrose ............ 

Las  Animas  ......... 

55 

43 

53 

Pueblo 

52 

47 

49 
61 
43 

Pike's  Peak 

13 
60 

65 
65 

28 

17 
47 

47 1 

54 

41 

18 
52 

60 
66 

48 

17 
50 

48 
59 
46 

11 
55 

56 

15 
44 

53 
55 
41 

21 
44 

55 
57 
42 

24 

44 

52 
55 
42 

17 

Dodee  Citv 

49 

Fort  Elliott 

54 

FortSill 

59 

Santa  F6 

41 

CHAffT  B. 


'^PPE^D/J(  /*fe  S 


SO' 


70  ' 


CHAfiT,    C. 


A^P£//0/JK    A^O.S 


4o 


So 


60 


70* 


OfAHTD. 


Appendix    A/^S 


60* 


70 


Cm^/^t  £ 


Append/x  /Vo,S 


«    ^#«  •■ 


so' 


60' 


70' 
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Tables  XXII,  XXIII,  XXIV,  XXV,  XXVI  give  the  lowest;  7  a.  m.  temperatnre  for 
ten  years. 

As  the  lowest  occarriiig  temperatares  are  only  apt  to  take  place  some  time  after 
the  most  pronoanoed  types  of  high  and  low  areas  of  pres|are,  these  tables  will  be  of 
assistance  in  locating  the  position  of  the  temperature-fall  areas. 

The  minimum  temperatnre  for  the  day.  determined  by  means  of  the  self-registiBring 
alcohol  thermometer,  may  be  taken  in  tne  average  of  oases  as  3^  lower  than  the  tem- 
perature observed  at  7  a.  m.  or  8  a.  m. 

On  the  accompany inpr  charts  are  shown  the  mean  lowest  7  a.  m.  temperatures  for 
each  month  occurring  m  the  ten  years  1880  to  1890.  These  are  mainly  useful  in  de- 
termining by  differences  the  temperature  that  will  occur  in  a  cold  wave  when  the 
tenyperatnre  in  the  country  over  which  it  has  already  passsed  is  known. 

Table  XXII.— November.    Lowest  7  a.  m.  Tempekaturks. 


Stations. 


Eastport 

Northfield . . . 
Portland,  Me 

Boston 

Nantucket  .. 


Block  Island  . . 

Albanv 

New  York  City 

Harrisburs 

Philadelphia . . 


Atlantic  City 

Baltimore 

Washington.. 
Lynchbnrgh 
Norfolk 


Charlotte  ... 

Raleigh 

Hatteras .... 
Wilmington . 
Charleston  .. 

Augusta 

Savannah  ... 
Jacksonville 
Titusville... 
Pt.  Jupiter . . 


Key  West  ., 
Atlanta  — 
Cedar  Keys 
Pensacola  .. 
Mobile 


Montgomery 
Vicksburg  .. 
New  Orleans 
Shreveport .. 
Fort  Smith.. 


Little  Rock 

Palestine 

Galveston 

San  Antonio 

Corpus  Christi  . 

Brownsville .... 
Rio  Grande  City 

Abilene 

Memphis 

NashvUle. 


».^  •#»••! 


1880. 


12 


14 
12 


13 
17 


11 

13 
17 
14 
15 
26 

20 


38 
25 
32 

28 
33 
40 


67 
25 
45 
35 


28 

24 
37 
20 


14 


31 
23 


32 
30 

ih' 

17 


1881. 


16 
17 


20 
25 


25 


27 
22 
24 

28 

22 


33 
28 
30 

28 
30 
33 


64 
21 


28 
27 

■ 

25 
27 
34 
27 


25 


38 
29 


34 

23 
21 


1882. 


22 


24 
20 


22 

27 


28 


28 
26 
27 
32 

29 


36 
35 
36 

35 
37 
39 


60 
29 


30 
30 

29 
32 

40 
29 
32 

28 
28 
40 
40 


30 
30 


1883. 


13 


19 


24 
22 


25 


25 
21 
21 
30 

22 


37 
32 
33 

29 
33 
43 


68 
21 


36 
33 

29 

30 
39 
32 
26 

27 
35 
44 


1884. 


19 


23 
24 


21 
21 


24 


28 
26 
30 
38 

32 


42 
37 
41 

35 

:« 

39 


69 
21 


40 
36 

34 
35 
44 
32 
24 

30 
33 
46 


45 

21' 
17 


42 

27 

28 


1885. 


26 


22 
24 


15 
27 


30 


33 
32 
28 
37 

30 


40 
34 
35 

30 

:^6 

37 


58 
30 


35 
34 

32 
32 
41 
34 
26 

30 
36 
48 
36 


1886. 


36 
23 
30 
30 


18 


23 
28 
34 


14 
29 


28 


28 
26 
25 
30 

29 


37 
32 
37 

27 
36 
37 


65 
28 


35 
31 

37 
28 
35 
29 
22 

25 
28 
38 
28 


31 
15 
30 
24 


1887. 


17 
14 
20 
22 
32 


22 
25 


26 


25 
23 
23 
32 

22 


40 
28 
29 

25 
27 

28 


63 

18 


30 
27 

24 

28 
35 
27 

18 

20 
22 

38 

28 


43 
16 

18 
12 


1888. 


7 

3 

11 

16 

28 

24 

10 
20 
20 
20 

28 
26 
25 

28 
34 

31 
32 
39 
37 
38 

31 
38 
41 
45 
43 

62 
30 
43 
36 
34 

32 
36 
42 

36 
30 

35 
35 
44 
34 

40 

46 
39 
29 
32 
27 


1889. 


22 
18 
23 
23 
30 

26 
22 
28 
29 
32 

29 
32 
30 
27 
32 

26 
26 
37 
29 
33 

26 
30 
32 

40 
50 

62 
24 
36 
34 
30 

29 
30 
38 
31 
22 

25 
28 
40 
32 
42 

39 
34 
26 
24 
26 


Means. 


16 


19 
20 


18 
24 


25 


27 
25 
25 
32 

26 


38 
32 
34 

29 
34 
37 


64 
25 


34 
31 

30 
29 
38 
30 
25 

26 
31 
41 
31 


37 

25 
23 
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Table  XXII.— Novkmrkr.    Lowest  7  a.  m.  TEMPEBATURK^^-Contmaed. 


Stations. 

1880. 

24 

19 
9 

—  4 
6 

—  3 

€881. 

13 
16 
20 
13 
22 

15 

1882.: 

i 
28 ; 

27| 
30 
24 
26 

23 

1883. 

1 

18 
15 
19 
12 
19 

13 

1884. 

28 

28 
23 
12 
19 

15 

1885. 

1686. 

1887. 

17 

15 

11 

7 

8 

4 

1 

1888.; 

1 

30 
28 
32 
26 
29 

24 
25 
26 
12 
14 

16 
22 
24 
26 
25 

22 

21 
14 
18 
li 

—10 
18 
19 
10 
21 

6 

7 

10 

17 

20 

15 
23 
24 
30 
30 

27 
23 
26 
17 

18 

14 

10 

4 

2 

—  2 

0 
2 
3 

—  3 

—  2 

—  2 

—10 
12 

30 
10 

1889. 

24 
23 
20 
16 
20 

21 
23 
23 
24 

21 

22 
27. 

20 
17 
15 

16 
14 
17 
14 
17 

11 
17 
23 
12 

14 

4 

—  2 

6 
10 

7 

7 

8 

10 

20 

16 

10 

15 

10 

7 

2 

—  1 

—  2 
15 

—  2 

—  4 

—  6 
-24 
—10 

14 

"io" 

2 

28 
2 

Means. 

ChAttanooga 

Knozyille  ..-.- 

30 
30 
36 
24 
28 

26 

27 

25 
23 

18 
21 

20 

24 
23 

liOnisville 

22 

Indianapolis 

Cinoinnati 

Colnmbus 

15 
20 

16 

Parkersbarsrh  ....... 

Pittoborsrh 

5 
17 
10 

7 
8 
1 
3 
6 

1 
—  3 

1 

20 
15 
20 

19 
19 
19 
20 
20 

21 
19 
14 

24 
24 

18 

18 
27 
26 
22 
25 

24 
15 
19 

18 
21 

18 

19 
22 
20 
19 
16 

14 

10 
4 

23 
20 

18 

21 
23 
16 
16 
17 

7 
14 
11 

22 
20 
24 

28 
25 
23 
26 
29 

30 
29 
24 

23 
22 

21 

24 
25 
23 
22 
21 

25 
20 
15 

17 
23 
19 

15 
19 
11 
5 
12 

18 
13 

8 

20 

Oswego 

Rochester ...... ..... 

20 
18 

Boffalo.. 

19 

Erie 

^ 

Cleveland  •.... 

18 

Sandnskv  ........... 

17 

Toledo 

19 

Detroit 

18 

Port  Hnron ...... .. .. 

15 

Alpena .............. 

13 

San  It  Ste.  Marie  ..... 

Marquette  ...-. 

—  2 

13 
10 

23 
20 

6 
0 

—  2 

—  4 

26 
23 

11 

8 

—  2 

—  7 

10 

Green  Bav  ...-. 

6 

Manistee ...,,.  .,^^^^ 

Grand  Haven. ....... 

Milwaukee .......... 

4 

—  2 
2 

—  9 
—15 

—  7 

—  5 
1 

2 

5 

6 

12 

8 

22 

7 
15 

5 
6 
8 
7 
11 

8 
10 
16 
21 
15 

26 
22 
21 

12 
14 
19 

18 
22 

18 
19 
21 
28 
23 

19 

7 

10 

4 
4 
6 
9 
11 

8 
13 
14 
16 
19 

14 
1 
6 

—14 

—  5 

—  4 
1 

10 

7 
16 
18 
23 
20 

28 
23 
28 

20 
1ft 
21 
20 
23 

23 
23 
30 
28 
32 

8 
14 
19 

—  1 

-? 

12 
12 

11 
17 
25 
25 
25 

13 

—  3 
2 

—13 
-15 
-18 
—12 
0 

—  7 
9 
7 

12 
11 

18 

9 

Chicafifo ............. 

14 

Bdlnth 

1 

St.  Paul ,. 

1 

La  Crusse 

5 

Dubaane ............ 

8 

Davenoort  .......... 

12 

T)es  Moines  -.-,-, 

9 

Keoknk 

14 

Springfield,  111 

Cairo 

17 
22 

St.Loni8 

Rnrinfi^field.  Mo ..--.- 

20 

Leavenworth ....... 

12 

22 

16 

12 

28 

15 

—  4 

13 

Wichita 

Concordia 

25 
23 

19 
16 

8 

9 
10 

1 

—  1 

—  4 

—11 
—10 

—15 
-30 
—28 

Omaha 

0 
—  4 

5 
2 

17 

12 

10 
3 

5 
—  1 

9 

Tankton 

3 

Valentine 

Hnron  .............. 

—  2 

7 

0 

—  8 

—  3 

Fort  Snllv 

Moorheaa  .  -  -  ^ »..,.,  - 

—14 

—13 
—11 
—13 
—  7 
3 

—  7 

—  3 
9 

—  1 
3 
6 

—14 

—15 
—14 

-18 
—16 
—10 

—24 

—17 

—12 

-16 

—  7 

—  9 

—  6 
11 

—25 

—  I) 

5 

10 
11 
13 
22 
21 

13 

—21 

—17 

—  4 

—  5 

—  8 

—  7 

—16 

—  6 

-20 

-28 
—  2 
—27 
—24 

—10 

—30 
—11 

—  9 

St.  Vincent 

Bismarck 

-20 
—12 
-16 
-22 
—14 

—13 
3 

FortBnford 

—10 

Fort  Assinniboine  ... 
Helena 

Ponlar  River  ........ 

—  7 

1 

—24 

Fort  Cnster 

RanidCitv 

-24 

—  2 

—  9 

—  6 

1  ^ 

Salt  Lake  City 

Cheyenne  i.^..*. 

6 
—16 

14 

1     15 

10 
—11 

20 
16 

27 
13 

2;^ 

17 

18 

17 
—  6 

19 
4 
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Tabub  XXII.— Novxmbsr.    LoWsst  7  A.  Bf .  Tbmpkraturks— Contiouod. 


Stations. 

1880. 

—  4 

—  8 

1881. 

0 

12 

11 

—  6 

1882. 

6 
—  1 

I 
—22 

1883. 

13 
25 

10 
—  6 

1884. 

5 

18 

10 

—  2 

1885. 

24 

16 

21 

—  8 

14 

1886. 

—  4 
1 

1887. 

—24 

—  9 

1888. 

9 

12 

1888. 

3 

4 

Means. 

North  Platte 

Denver 

Tjab  Animafl  ......... 

3 
7 

Pike'aPeak 

-31 

—26 
—  5 

—11 
12 

20 

14 
21 
23 
26 
15 

30 

3 
18 
22 
21 
16 

—14 

Monteose ............ 

Pueblo 

DodeeCitv 

—  4 

—  5 
1 

—  6 

—16 

—  7 

15 
14 
24 
12! 

15 
10 

10 
15 
24 
10 

—11 
20 

17 
25 

13 
21 
26 

21 
28 
26 
24 

17 
23 
23 
21 

8 
12 
19 

7 

8 
18 

—10 

—  4 
10 
17 

—  6 

—  7 
6 

11 

Fort  Elliott  ..V 

Fort  Sill 

15 
20 

SantaF6 

12 

Cbieyeiiiie 

16 
0 

13 
—  4 

Kacanaba  

1  iamar 

5 

Laa  AniinaB 

"'ii 

1 

10 

10 

•  •  •  •  ■ 

Table  XXIII.— Decbmbkr.    Lowest  7  a.  m.  Temperatures. 


1 

Kantport 

2 

2 

5 

.  . . 

—15 

—16 

9 

—  9 

—  8 
—21 

—  1 
6 

16 

14 

0 

14 

—  2 

—  7 
4 

6 
12 

11 

—  2 
10 
12' 
14 

14 
17 
17 
19 
23 

21 
22 
29 
26 
31 

24 
28 
29 

:)6 

40 

54 
22 
33 
29 
27 

25 
26 
31 
29 
23 

2 

—10 

5 

13 

29 

21 

8 

13 

22 

18 

24 
26 
26 
22 
33 

30 
26 
42 
33 
39 

28 
34 
41 
50 
59 

67 
30 
43 
39 
32 

29 
36 
40 
36 
27 

—  3 

Nort&fieid 

Portland,  Me 

Boston  .............. 

3 

0 

13 
11 

9 
8 

—  7 

—  9 

—  6 
—10 

8 
13 

—  4 

9 

19 

19 

2 

14 

2 

5 

Kantnoket 

Block  Island 

14 
12 
12 

1 

—  4 

5 

—  2* 
—13 
3 

20 
10 
16 

12 

Albany 

5 
—  5 

19 
23 

4 

New  York  City 

Harrisbnrg 

10 

PhUadelphia 

Atlantic  City 

Baltimore 

-5 

—  4 

—  1 
-10 

—  2 
19 

—  1 

23 

23 
25 
22 
24 

28 

28 

14 

12 
12 
9 
10 
17 

13 

15 

13 
23 
20 
26 
27 

23 

2 

3 

10 
6 
7 

13 

12 

15 

15 
15 
15 
19 
26 

22 

14 

15 
15 
15 
15 
20 

20 

16 

16 
16 
16 
14 
19 

19 
15 
24 
20 
30 

25 

28 
32 
43 

13 

13 
16 

Washington 

Lvnohboreh....  ..•.. 

13 
15 

Norfolk 

23 

Charlotte 

19 

Baleiirh 

Hatteras 

14 
11 
15 

8 
16 
23 

32 
3? 
35 

33 
34 
42 

21 
20 
25 

22 
28 
28 

32 
28 
30 

29 

30 
30 

21 
20 
27 

25 
30 
34 

29 
29 
30 

24 
30 
32 

30 
24 
26 

21 

26 
29 

27 

Wilminjston 

24 

Charleston  •.••...... 

29 

Anff  osta ............. 

24 

■■'■© **^ ■'*• ...... ...... . 

Savannah 

28 

Jacksonville 

Titnsville 

32 

Pt.  Japiter 

1 

Key  West 

59 

2 

22 

18 
14 

8 
16 
22 
12 

29 
43 
39 
37 

34 
*35 
42 
34 

53 
14 
30 
26 
25 

19 
20 
32 
22 
13 

58 
22 
33 
30 
29 

27 

30 
39 
30 
22 

63 
13 
33 
23 
22 

17 
21 
30 
21 
14 

51 
22 
33 
29 
27 

26 
23 
31 
26 
14 

58 
15 
31 
27 
24 

82 
21 
29 
22 
10 

64 
16 
35 
.30 
27 

24 
22 
31 
22 
9 

59 

Atlanta 

19 

Cedar  Keys 

34 

P^fnsacola 

29 

Mobile 

26 

Montgomery 

Vicksburg 

23 
25 

'^ew  Orleans 

Shreveport 

3d 
25 

Fort  Smith 

IT 
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Tablb  XXUL— DKOBBiBKR.    LowjiST  7  A.  M.  Tbmpbraturbs— Continaed. 


Stations. 

1880. 

6 

"21' 
13 

1881. 

34 
34f 
43 
33 

1882. 

18 
24 
38 
30 

1883. 

29 
31 
41 

1884. 

15 
17 
34 

1885. 

u— 

1886. 

1887. 

16 
11 
33 
24 

1888. 

24 
31 
41 
36 
40 

42 
35 
32. 
24 

18 

22 
22 

20 
18 
19 

14 
13 
14 

—  3 

8 

5 

8 

14 

16 

13 

13 
9 
8 

—  1 
14 

1889. 

28 
34 

48 
36 

47 

52 
50 
25 
28 
26 

28 
25 
26 
25 
23 

21 
19 
24 

7 
17 

14 
12 
22 
22 
21 

20 

13 

12 

3 

8 

Mc«ns. 

Little  Rook 

20 
25 
36 

28 

15 
15 
27 
19 

20 

Palestine 

Galveston 

25 

36 

San  Antonio 

27 

Corpas  Christi ....... 

Brownsville 

23 
25 

43 
32 

36 

38 
37 

30 
34 

34 
32 
15 
19 
19 

21 

20 

10 

—  1 

4 

2 

31 
28 
10 
17 
14 

13 

9 

7 

—  2 

3 

3 

28 
27 
13 
15 
9 

14 
14 

6 
—  3 

2 

4  . 
1 

36 

Rio  Grande  City 

Abilene 

33 

Memphis 

NashviUe...... ...... 

4 

4 

3 

—  2 

—  4 
—12 

—  4 

—  8 

32 
<S0 

30 
24 
22 
16 
26 

19 

12 

6 

12 
7 
6 

—  7 
1 

—  3 

23 
21 

24 

19 
16 
11 
20 

14 

10 
2 

9 
5 
1 

—  9 
0 

—  5 

18 
15 

Chattanooga 

Knoxville 

18 
14 

Louisville ........... 

11 

Indianapolis  1 

Cincinnati  .......... 

4 
9 

Colambns 

6 

Parkersbarirh 

Pittsbnrjrb 

—  8 
4 

—  6 

—  8 

—  9 

—  9 

—  6 

—  8 

—10 

—  8 
—15 

19 
18 
22 

22 
21 
20 
22 
22 

24 

14 
14 

1 

14 

7 

8 
4 

—  7 

—  5 

—  2 

3 
4 
5 

18 

—  2 

—  2 

9 
12 
14 
16 
13 

12 
3 
3 

0 
—15 

—  8 

—  1 
7 

—  4 

—  8 

—  7 

—  6 

—  6 

—  9 

7 
9 
6 

5 
7 

7 
3 
0 

2 
—  2 

-a 

10 

—  2 

—  2 

0 
2 
6 
5 
0 

4 
0 
2 

12 
2 

5 

10 
9 

12 
6 
4 

8 
8 
9 

10 

Oswej^o  ............. 

3 

Rochester .  - 

5 

Buffalo 

6 

Erie 

7 

Cleveland  ...... ..... 

8 

Sandusk  V 

7 

Toledo 

Detroit 

6 

7 

Port  Hnron 

4 

Alpena 

Sanlt  St-e.  Marie 

3 

Marnnette 

—16 
—20 

13 
10 

0 
—10 

—  8 

—  8 

-9 
—13 

-5 

—  8 

—11 

—14 
—21 

4 

3 
—15 

—  1 

E*soanaba <. 

—  8 

Green  Bay 

7 

18 
17 
13 

15 
2 
6 

14 
11 
16 
16 
20 

22 
19 
12 
14 
20 

17 

12 

10 

8 

—  1 

7 
19 
19 
14 

16 

—  6 

—  4 

7 

11 

12 
9 
11 
16 
27 

22 

12 
14 

10 
6 

11 
3 

8 

Manistee ............ 

Grand  Haven 

Milwaukee 

1 
—19 

—13 
-30 
-25 
—20 
-18 

-14 
—12 
—15 
—13 
—  1 

—13 

22 

9 

13 

—  4 

4 

6 

8 

15 
14 
14 
19 
26 

16 

0 
—10 

—  7 
—20 
—12 
—18 
—12 

—  8 
-13 
—10 

—  4 
9 

—  4 

—  3 

—  5 

12 

—  6 

1 
-21 
—10 
—10 

—  3 

5 

—  8 
4 
5 

15 

9 

-11 
—17 

—  7 
—29 
—27 
—24 
—11 

—  6 
—12 

—  8 

—  2 

—  2 

—  6 

8 
—11 

—  3 
—19 
—17 

—  9 

—  8 

—  6 
2 

—  5 
12 
16 

10 

I 
—16 

—  8 
—19 
—20 
—15 
—23 

—21 
-17 
—14 

—  3 
11 

2 

12 

—  4 

—  3 

—16 
—17 
—17 
—15 

—12 
—12 
—10 

—  7 
6 

—  2 

8 
—  5 

ChicaflTO 

0 

^^AAiWCWILV  ....    ..    ......    . 

Dalntn 

^16 

St.  Paul 

— 12 

La  Crosse 

— 11 

Dubuaue ............ 

—  6 

Davenport 

—  2 

Des  Moines..... 

—  4 

Keokuk 

—  2 

Springfield,  111 

Cairo 

4 
13 

St.  Louis ............ 

6 

Snrinfirfield,  Mo 

Leavenworth 

Kansas  Citv • 

-13 

22 

4 

—  5 

4 

—  8 

—  9 

1 

Lamar 

0 

0 

—  5 

Wichita 

Concordia 

1 

—  4 

—  6 

—  8 

—  5 
—10 
—19 
-12 

—  9 
—14 
—15 
—25 

Omaha 

—13 

—14 

15 

10 

—  9 
-15 

4 

—11 

—14 
—22 

!  'H'i 

Yankton 

1      -  8 

Valentine 

1 
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Table  XXIII.— Deciuibbb.    Lowest. 7  a.  m.  Tempebaturbs.— Continued. 


Stations. 

1880. 

-:j6 

1881. 

—14 
4 

1882. 

-20 
-13 

1883. 

—28 

—15 

1884. 

—40 
—31 
—19 
-28 
-45 

—30 
-36 
—25 
—46 
—43 

1885. 

—  4 
—11 

—  7 
—16 
—13 

—10 
0 
7 

—  9 
8 

18?6. 

—32 
—32 
—19 
-35 
—37 

—32 
-19 
—  7 
—85 
—12 

1887. 

—22 
—20 
—17 
—So 
—40 

—23 
—29 
-12 
-29 
-17 

1888. 

—  7 

—  5 

—  4 

—  5 
—10 

—  4 

—  2 
—12 

—  9 

—  8 

7 

15 

9 

—  2 
9 

14 

1889. 

—  7 

—  7 

—  5 

—  6 
—21 

—  1 

—  9 
3 

—  2 

11 
15 
7 
11 
12 

Means. 

FortBnford 

Hnron  .............. 

-21 
—15 

Fort  Sally 

Moorhead 

St  Vincent 

—27 
—40 
—37 

1 

—  8 
—14 

8 
3 
5 

—27 
-25 

—20 
—11 
—19 

0 

—34 
—35 

—22 
—15 

—  3 
— 3S 

—  6 

—22 

—28 

Riffmarclc ...... ,,-,,, 

—18 

Fort  Assinnibolne  . . . 
Helena .............. 

—16 
—10 

Ponlar  River 

Fort  Caster  .... ..-.. 

—40 

"h 

—11 

Raoid  City 

« 

Salt  Lake  City 

Cheyenne 

20 
—13 
-23 
—  4 

18 
20 
10 
21 

14 

6 

—  4 

0 

11 

—  2 

—  2 
4 

8 
—10 
—15 
—  4 

13 
2 

—  6 

—  1 

-10 

—  3 

24 

— "e" 

14 

18 
3 

10 
—  5 
—17 
—14 

—13 
—10 

15 
2 

North  Platte 

Denyer...... .... .... 

—  5 
4 

Montrose ............ 

T^aa  Animas  - . . » .... 

12 

—  2 

4 

—22 

Pueblo 

11 

"u 

22 
22 
16 

8 

13 

14 
23 
15 

Pike's  Peak 

-10 
-10 

—  3 
3 
0 

—  6 

18 

20 

28 

—11 
2 

5 

12 

6 

—12 
12 

15 

—15 
-10 

0 
2 
1 

—18 
5 

10 
16 
11 

—  4 

—  2 

3 
4 

15 

—32 

-  8 

—  3 

8 

-4 

-14 

Dodire  City 

3 

j^«rvt|^^^   >^s w^  ......  .... 

Fort  Elliott 

8 

Fort  Sill 

13 

Santa  F6 

7 

« 

Table  XXIV.-^anuart.    Lowest  7  a.  m.  Tempbbatubbs. 


EastnoTt  ............ 

5 

1 

—13 

—10 

—  6 

—  8 

—11 

—10 

—  9 
-24 
—10 

—  6 

—  2 

1 

—10 

3 

0 

—  8 

8 

10 

20 

18 
7 
18 
17 
21 

24 
23 
24 
22 
25 

23 
24 
33 
29 
32 

25 
31 
33 
38 
43 

—  6 

Northfield 

Portland,  Me 

Boston 

Nantucket 

15 
11 

4 
0 

—  9 
—11 

4 

5 

2 
0 

—  2 

0 

—10 
-9 

—12 

—  6 

5 

6 

—15 

7 

—  1 

—  1 

Block  Island 

7 
0 
4 

10 

—  3 

9 

8 

—  9 

5 

2 

—  9 

3 

Albany 

New  York  City 

Harrisbnrir  ...*•. .... 

6 
19 

—  5 
5 

—  9 

—  1 

—  5 

7 

Philadelphia, 

Atlantic  City 

Baltimore 

19 

20 
20 
16 
28 
35 

28 

9 

3 
—  2 
—10 

2 
20 

16 

0 

3 
10 
10 
19 
22 

20 

10 

8 
15 
10 
14 
21 

17 

11 

6 

11 

5 

6 

11 

8 

6 

12 
11 
10 
14 
21 

• 

11 

6 

4 
4 

0 

—  1 
10 

1 

8 

8 
7 
7 
7 
13 

9 

9 

21 

15 

17 

15 
17 
23 

4 

3 

9 

9 

15 

18 

18 
17 
24 
21 
27 

23 

28 
28 
38 
46 

9 

9 
11 

Washington .r 

8 

Lynchbnrgh 

Norfolk 

13 
20 

Charlotte 

Raleieh 

15 

Hatteras  . ......•• 

44 
40 
35 

33 
35 

48 

"36 
29 
31 

28 

33 
35 

30 
25 

28 
28 
33 

25 
24 
27 

23 

29 
29 

10 

15 

15 
20 
21 

28 
24 
29 

23 
30 
32 

15 
14 
14 

7 
13 
16 

27 

Wilmington 

Charleston 

Aninista 

23 
26 

22 

*-*"*©*•*'"'■" ...... ...... 

Savannah 

26 

Jacksonyille 

Titasville 

30 

Pt.  Jnpiter 

1 

1 

11945—810  90. 


13 
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Table  XXIV.— Jakuary.    Lowest  7  a.  m.  Tkmperatdres— Continaed 


Statione. 

1880. 

66 
31 
50 
43 
41 

37 
37 
44 
36 

1881. 

62 
22 
36 
30 
28 

26 
28 
34 

26 

1882. 

58 
24 
35 
34 
32 

25 
32 
49 
31 

1883. 

56 
18 
32 
30 
21 

26 
22 
37 
14 
5 

12 
10 
21 

2U 

1684. 

53 
1 
27 
17 
15 

8 

12 

25 

11 

-  2 

8 
9 

28 

1885. 

62 
15 
%3 
25 
22 

21 

21 

28 

14 

2 

11 
12 

26 

1886. 

42 

0 
18 
16 
13 

8 

6 

16 

4 

—  6 

—  4 
2 

13 
11 

1887. 

1888. 

1889. 

Means. 

Kev  West 

51 
9 
25 
21 
17 

13 
10 
23 
14 
—  4 

8 
12 
25 
18 

61 
16 
29 
26 
23 

21 

18 

30 

19 

2 

9 

4 

25 

13 

17 

2:) 

23 

—  2 

7 
12 

14 
12 
10 

—  5 

8 

3 

60 
20 
36 
37 
34 

28 
29 
36 
28 
14 

20 
26 
33 
28 
36 

38 
32 
25 
24 
22 

22 

21 
20 
11 
22 

18 

18 

19 

4 

6 

10 
15 
14 
14 
12 

8 

10 

6 

—12 

4 

0 

6 

11 

3 

2 

—13 
—10 

h-  * 
—  4 

1 
0 
4 
4 
20 

67 

Atlanta .......  ...... 

16 

Cedar  Kevs .--. 

32 

Peusacola 

28 

Mobile 

Montffomerv 

25 
21 

Vioksburir -. 

32 

New  Orleans 

Shrevenort 

32 

20 

Fort  Smith 

• 

Little  Rock 

Palestine 

32 

19 

25 
35T 
40 
30 

14 

Galveston 

50 

40 

29 
21 

29 

San  Antonio . . 

23 

GorDUB  Christi ........ 

BrownsTille 

Rid  Grande  City 

Abilene  ...... . ...... 

51 
40 

21 
20 

37 
36 

27 

27 
23 

27 
26 

26 

21 

0 

—  8 

—  8 

—  5 

—  6 

—  3 
-14 
—11 

—10 

30 

28 
8 
6 

1 

8 
7 

—  3 
—11 

—  4 

-6 

31 

28 

Memphis 

Nashville 

35 

30 

30 
27 
31 
23 
^27 

19 

16 
15 

13 

12 

8 

—  2 
2 

—  1 

21 
19 

23 
21 
17 

8 
19 

14 

11 
12 

15 
4 

8 

—  7 

6 

4 

0 

—  9 

1 
—10 
—15 
—22 

—  « 

—19 

7 

—  2 

13 

8 

0 

—10 

—  8 

8 

12 

9 

Chattanooga 

Knox ville 

13 

10 

Lonisville ...... .. ... 

7 

Indiananolis. ........ 

—  3 

uinoinnati 

Colnmbns ..-.. 

5 
2 

Parkerabnrcrh  .... 

Pittabursh 

22 
20 
21 

21 
24 
18 
27 
25 

20 
18 
10 

4 
4 
1 

1 
4 

1 
4 
3 

—  1 

—  7 
-15 

4 
—11 

—  4 

—  2 

0 

4 

10 

10 

13 

5 

—15 

7 
2 

—  4 

0 

—  1 

—  1 

—  6 

—  8 

—  6 
—11 
—15 

—  2 
3 
2 

11 

—  6 
—10 

—  7 
—10 

—  4 

—  9 
—13 

4 

—  3 

—  3 

—  4 

—  2 

—  7 

—  6 

—  8 

—  5 
—11 

—18 

—  2 
—17 

—  1 

1 

—  2 

—  8 

—  6 

—  8 

0 

—  4 

—11 

8 

—  8 
2 

2 

—  2 

—  4 

—  6 
—10 

T-2 

—  9 
—15 

5 

—  8 

—  1 

—  4 

—  4 

3 

—  1 

—  4 

—  3 

—  6 
—13 

.. 
t 

Oswego , 

Rochester 

—  1 
2 

Buffalo..... 

'       1 

Erie — 

3 

Cleveland 

1 

Sandasky  ...-. 

2 

Toledo  — 

0 

Detroit........ 

2 

PortHnron... 

2 

Alnena .._.._,._. 

—10 

Aaalt  Ste.  Marie 

Maranette....... ,...  - 

1 
1 

—21 
-24 

—  6 
—10 

—14 
—20 

—15 
—16 

-23. 
—25 

—17 
—22 

—18 

—22 

—29 

—18 

-28 

—36 

—13 

Esoanaba  ........... 

—18 

careen  Rav  ._._..  ...- 

Manistee    .......... 

Grand  Haven 

Milwaukee 

17 
13 

20 

—14 

-  5 

5 

10 

20 
•10 
22 
28 
31 

0 
—17 

—10 
—23 
—24 
—28 
—24 

—20 
—15 
—11 
—  8 
3 

4 

—  5 

1 
—21 

—  8 
9 

—  3 

4 

1 
4 

12 
16 

—  2 
-20 

—17 
—33 
-29 
—30 
—25 

—17 
—15 
—13 

—  6 
6 

—  6 
—24 

—18 
—25 
—23 
—25 
—24 

—17 
—24 

— 2;{ 

—22 
—13 

0 
—22 

—12 
—30 
—25 
—24 
—19 

—17 
—16 
14 
—14 
—  4 

2 
—22 

—12 
—31 
—31 
—20 
—22 

—21 

-23 

18 
—11 
—  8 

0 
—15 

—14 
—28 
—31 
—27 
—30 

—20 

—18. 
—16 
—16 
—  1 

—  4 
—21 

—14 
—30 
—37 
—37 
—30 

—23 

-26 
-21 
—15 

1 

2 
—13 

Chicago 

Daluth 

—  7 
—25 

St.  Paul 

—23 

La  Crosse  ........... 

—20 

Dabaqne 

Davenport 

Des  Moines 

Keokuk  . . . ...... 

—17 

—11 
—13 

—  0 

Springfield,  HI 

Cairo 

-  5 
5 
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Tabls  XXIY.- January.    Lowsst  7  a.  m.  Tempkratubxs— Oontinned. 


Stations. 

1880. 
29 

188L 

—  8 

1882. 

1883. 

1884. 
—19 

1^5. 

1886. 

1887. 

188a 

18B9. 

Means. 

St.  Louis 

Sprimrfield.  Mo...... 

7 

17 
5 

—  2 

—  1 

—10 

—  7 

—  7 

—  8 

—  8 
—10 
—20 

14 
6 
5 
5 

10 
4 

—  2 

—  9 
—10 

—13 
—23 

—17 
—26 
—36 

—18 
—19 
—11 
—15 

—  9 

2 
6 
6 

—  7 
6 

—10* 
11 

18 

18 

6 

—  1 

leaven  worth 

Kansas  City... ...... 

23 

—  7 

-20 

—10 

—20 

—15 

—  7 

Lamar  .............. 

-16 

—17 

—12 

—25 
—23 
—26 
—26 

—47 
-30 

—28 
—40 
-60 

—32 
—23 
—37 
-«7 
—41 

-27 

—14 

—24 

34 

—17 

—17 
—16 

Wichita 

Concordia 

—19 
—23 
—27 
-29 

—41 
—32 
—28 
—36 
—40 

—35 
—39 
-30 

—48 
-58. 

—17 
—20 
—28 
—26 

-41 
—38 
—28 
—41 
—40 

-39 
—24 
—17 
-34 
—30 

Omaha..... 

12 

1 

—16 
—31 

3 
—  2 

—16 

—18 

—24 
—25 

—18 
—22 

—13 

Yankton 

—19 

Valentine 

Fort  Bnford 

—17 

—41 

—23 

—10 

—38 
—24 

—41 
—27 

-44 

-30 

^—35 

Huron 

—26 

FortSnlly 

Moorhead    .-.-. 

~30 
—39 

—33 
—23 
—20 

—28 
—38 

—19 
-23 
—  6 

-40 
—40 

-34 
—37 
-34 

-43 
-36 

—39 
-26 
-3t 
—45 

—15 

—30 
-43 

-30 
—27 
—12 
-63 
—29 

— ^ 

St.  Vincent 

—40 

Bismarck...... ...... 

-16 

—30 

Fort  Assinniboine  .. . 
Helena...... ........ 

-27 
—21 

Poplar  River 

Fort  Custer 

Rapid  City 

—14 

—27 

—20 

-22 

Salt  Lake  City 

Cheyenne 

7 
—11 

0 
—  3 

10 
—10 
—24 

-  8 

3 

—  4 

—  4 
4 

—15 
—24 
—22 
—16 

4 

—  3 

—  5 

—  2 

6 

-  8 
—25 

-  6 

4 
—23 
—20 
—14 

—10 

—18 

17 

—21* 
—13 

6 
—16 

3 
—11 

North  Platte 

Denver.. ............ 

16 

—7 

Montrose......  ----.. 

Las  Animas  ......... 

4t 

—21 

—  6 

-24 

Poeblo 

Pike's  Peak 

—13 
10 

14 

27 

4 

—30 
—10 

—  7 
0 

—  4 

-15 
2 

4 

11 
10 

—34 
—16 

12 

—  2 

—  6 

—28 

—  6 

—  1 

—28 
—16 

—  4 

2 

—  1 

—19 
15 

—  9 

—  4 

—  5 

—19 
—16 

—  2 
3 

7 

—20 
—18 

—10 

—  6 

1 

—23 

Dodee  City...... .... 

—  7 

Fort  Elliott 

—  1 

FortSiU 

5 

Santa  F^ 

1 

Table  XXV.- Fxbruabt.    Lowsst  7  a.  m.  TssfPSRATURBS. 


Eastport  ..•.•.••.••• 

-10 

—  4 

—  4 

—  4 

6 

—  8 

—14 

—  3 

—  8 
—18 

—  5 

—  2 
2 

1 

—  7 
4 

4 

4 
11 
13 
12 
18 

—  9 
—31 

—  4 
2 
6 

3 

—  2 
3 

0 
4 

5 
3 

4 

8 

18 

—  6 

Northfield 

Portland,  Me 

Boston ......  ...••... 

0 
—  1 

1 
—  3 

6 
5 

11 
13 

12 
4 

—  3 
2 

—  8 

—  5 

—  2 

7 

17 

12 

4 

17 

1 
8 

Kantncket  .......... 

Block  Island 

17 
11 
15 

12 

11 
5 

8 

—10 

0 

1 
—10 
—  1 

Albany 

—  7 
11 

—  3 
2 

12 
19 

0 

New  York  City 

HarrisburflT . .  ........ 

8 

Philadelphia 

12 

13 
18 
15 
21 
28 

0 

—  1 

6 

3 

19 

13 

24 

22 

25 
21 
27 

30 

21 

19 
23 
22 
28 
32 

11 

13 
12 
10 
14 
24 

0 

5 
5 
2 
5 
16 

0 
0 

—  1 

—  2 
2 
4 

18 

18 
21 
20 
21 
28 

9 

Atlantic  City 

Baltimore  ..-.. 

10 
12 

Washincrton 

11 

Lyncbburizh . .  - 

16 

Norfolk 

21 
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Tabids  XXV.— Fsb&uabt.    Lowsst  7  a«  m.  Tbmpbraturrs— Continued* 


SUtioiis^ 

1880. 

1881. 

1882. 

1883. 
32 

1884. 
21 

1885. 

1886. 

1887. 

1888. 

1880. 

Means. 

Charlotte 

30 

22 

27 

13 

7 

27 
23 
34 
31 
35 

32 
35 
39 

16 
15 

28 
25 
29 

22 
27 
35 
38 

48 

64 
14 
36 
32 
32 

26 
28 
37 
34 

16 

22 
35 
42 
39 
44 

47 
45 
23 
22 
12 

11 
10 
10 

—  2 
10 

6 

8 
-10 

—  5 

-5 

—  4 
0 

—  1 

—  3 

-6 
—12 
—18 

-25 

—27 
—27 

—  7 

—19 

14 
13 
23 
22 
27 

21 
26 
40 
41 
46 

50 
14 
35 
30 
29 

22 
26 
32 
28 
16 

18 
26 
43 
34 
44 

46 
43 
19 
20 
13 

16 

12 

8 

—  1 

8 

2 
6 
1 

—  5 

—  7 

—  8 
—10 

—  4 

—  3 

—  4 

—  6 
—11 
—11 
—17 
—20 

—22 

—  9 

—  6 
--16 

21 

Half^ifi'll     ~    ,nm   -r^*    *-, 

HAttiPraA  , r  ^ 

38 
31 

38 

32 

40 
43 

• 

23 
21 
28 

27 
30 
35 

33 
31 
34 

33 
34 

39 

37 
36 
40 

36 
40 
41 

28 

29 
29 

24 
27 
37 

22 
21 
24 

15 
26 
34 

14 
12 
16 

15 

20 
25 

28 

WUmiDgton 

26 
30 

Aufrnsta 

26 

Savannah  ....: 

JackMonville 

TitUHville 

30 
37 

Pt.  Jnniter 

Ker  West 

----- 

66 
32 
45 
3« 
35 

34 
32 
44 
30 

60 
21 
35 
32 

30 

27 
28 
37 
24 

67 
32 

41 
37 
37 

34 
34 
42 
35 

66 
28 
44 

38 
37 

32 

29 
43 
26 
10 

23 
17 
31 
22 

62 
13 
38 

29 
29 

22 
26 

;«> 

21 
11 

18 
19 
31 

56 

9 
34 
24 
30 

17 
19 

:)0 

17 

1 

15 
15 
30 

53 
9 
27 
21 
21 

16 
17 
26 
22 
3 

8 
24 
34 

28 

60 
29 
40 
39 
38 

:)5 

3d 
45 
35 
20 

24 
25 

48 
28 

61 

Atlanta  ............. 

20 

Cedar  Keys 

Pftnsacola  . ....... 

38 

32 

Mobile 

Montgomery 

ViokBbui  tr. 

32 

26 
28 

New  OrleuiiH 

Shreveoort 

37 
27 

Fort  Smith 

Little  Rook 

33 

22 

30 
38 
46 
37 

21 

Palestine 

25 

Galveston 

41 
38 

34 

38 

San  Antonio 

32 

Corpus  Christi 

Brownsville 

41 
38 

38 
35 

49 
40 

•30 

33 
33 

36 
33 

42 

37 

10 

6 

—  6 

8 
1 
2 

—  2 

—  1 

—  5 

41 
42 
13 
26 
24 

27 
22 
21 

12 
15 

IS 

39 

Rio  Grande  City 

Abilene 

38 

Memphis  ..^ 

NashvUle 

26 
14 

28 
23 
22 
18 
20 

14 

23 
20 

21 

20 

8 

8 

11 

0 

29 
26 

30 
25 
25 
19 
26 

82 

21 
22 

30 
24 
17 
8 
16 

12 

19 
10 

12 

9 
14 

1 
7 

2 

11 

—  1 

7 
2 

4 

—  8 

—  9 

—11 

20 
13 

Chattanooga 

KnozvlUe 

19 
15 

Louisville 

13 

Indianapolis 

Cincinnati  ..-.. 

5 
10 

Colnmbns  ........... 

6 

Parkersburgh  ....... 

Pittsbarffh  . 

12* 

10 

9 

10 
17 
13 
18 
18 

13 

8 
0 

—  2 

—  2 

1 

—  7 

—  8 

—  2 
3 

—  1 

—  5 

—  6 
—25 

22 

8 

12 

14 
22 
21 
21 
22 

21 
14 

8 

16 
9 
6 

7 
9 

7 
7 
7 

8 

—  2 

—  9 

1 
8 

—  5 

—  6 

—  5 
0 
1 
3 

—  4 

—14 
—15 

-6 
—  8 
—10 

—12 

—10 
—15 
—11 
—15 

—10 
—24 
—22 

—  2 

—  8 

—  4 

-10 

—  8 

—  7 

—  2 

—  4 

0 
—12 
—17 

17 
3 

8 

8 
11 
11 
12 

4 

2 

3 

—13 

7 

Oswego 

0 

Rochester ........... 

00 

Buffalo 

1 

Erie 

1 

Cleveland  ........... 

2 

Sandnskv  ........... 

4 

Toledo 

3 

Detroit .............. 

1 

Port  Huron 

6 

Alpena 

— 12 

Sault  Ste.  Marie 

Marquette 

—  3 

-9 

—14 
—17 

10 
3 

—10 

—  8 

—16 
—28 

—21 

—12 
-19 

—13 

—13 
-17 

— 11 

Escanaba  ........... 

—15 

Green  Bav 

Manistee 

Grand  Haven 

Milwaukee 

11 
4 

—  9 

4 

21 
13 

2 
—11 

—  1 
—11 

—  6 
-23 

-12 
—14 

—  4 

-9 

—  1 

—  8 
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Tablr  XXY.— Febbuart.    Lowest  7  a.  if.  TEMPBRATUBBS^-Continned. 


Stations. 


Chicago.. 
Dnloth... 
St.  Paul.. 
La  Crosse 
Dabaqne  ., 


Davenport  .... 
Des  Moines . . . . 

Keoknk 

Springfield,  111. 
Cairo 


St.  Lonis , 

Springfield,  Mo, 
Leavenworth... 
Kansas  City.... 
Lamar  ...... ... 


Wichita.. 
Concordia 
Omaha... 
Yankton  . 
Valentine . 


Fort  Bnford 

Haron 

FortSnlly.. 
Moorheaa  . . 
St.  Vincent. 


Bismarck 

Fort  Assinniboine  .. 

Helena 

Poplar  River 

FortCnster 


Rapid  City.... 
Salt  Lake  City. 
Cheyenne  ..... 
North  Platte... 
Denyer. ....... 


Montrose 

Las  Animas  ... 

Pneblo 

Pike's  Peak... 
Dodge  City.... 


Fort  Elliott 
FortSiU  ... 
Santa  F^  ... 


1880. 


13 
—18 
—15 
1 
3 

8 
4 

11 
15 
S6 

15 


0 

—  8 


— S2 


—14 


—17 


6 

—  1 

—  6 

—  5 


1881. 


9 

-11 

-  8 
-13 

-  9 

—  7 

-  5 

0 

6 

18 

6 

"3 


-12 

-20 


—SO 


-38 
-25 

-33 
-34 

-18 


—29 


—27 
-  4 


7 

18 

1 


17 
-12 
-20 

-18 


-18 
-  6 

.  1 

10 
10 


1882. 


10 
4 

-2 
3 
6 

13 
4 

12 

18 
28 

20 
15 
12 


5 
5 


—18 
—20 


—24 
—11 


—15 
—34 

-23 
-22 
-20 


—14 


8 

8 

-  2 

12 


6 


-  6 
10 

13 
24 
12 


1883. 


-  8 
26 
-23 
-18 
-12 

-10 
-19 

-  7 

-  1 
13 

0 
2 

-10 


—33 
—25 


—33 

-38 

-27 

-38 
-27 


3 
24 
26 


-20 
-16 

-10 
-  4 

9 


1884. 


-3 
16 

-18 

-  9 

-  6 

3 

-  5 
3 
9 

14 


.  7 
-20 


-37 
-25 


-30 
-30 

—28 
—31 
-19 
—47 
—28 


-  8 
-25 
-13 
-10 


—21 


■30 
-  4 


1885. 


-10 
-30 
-23 
-20 
-18 

-17 
-18 
-14 
-10 
2 

—  5 


—15 


-17 

—18 


—30 
—24 


-28 


—98 
—16 
—  4 
—50 
—18 


23 
—  8 
—21 
5 

7t 
-  2 


-23 
-  3 

3 

7 
6 


1886.  1887. 


-4 
-24 
-26 

-26 
-21 

-17 
-17 
-17 
-8 
-  1 

—  7 


8 
8 


-  6 
-19 
-23 
-19 

—25 
—24 
—18 
—35 
—34 

-22 

-7 
-11 
-33 
—  8  1—30 


20 

11 

5 

8 

12 
13 


-12 
-  1 

7 
7 
9 


-6 
-23 
-23 
-17 
-12 

-10 
43 
-  6 
4 
20 


—15 
—32 
—39 
—26 


5 


-20 
—20 
—10 
—  8 
14 

0 
6 

h-  4 


2 


-11 

-15 

-17 

— -^0 

—37 
—24 
-23 

1—33 
-36' 

—37 

—48 
—36 


16 


—15 
—  2 

6 
-  4 


-16 

'  8 

5 

9 
10 


1888. 


-  4 

-17 
-19 

-  5 

-26 
-30 
-13 


—49 

—30 
—18 
—  0 
—96 
0 

2 

26 
9 
2 

20 

18 
16 

k-11 
8 

13 
19 
17 


1889. 


—10 
—30 
—25 
—23 
-16 

-9 
—11 

—  7 
-4 

8 

0 
1 

—  3 

—  4 


—  2 

—  6 

—  9 

—18 
-13 

-30 
-28 
-17 
-35 


-18 
-13 
-34 
-21 

-15 

12 

-14 

-  5 

0 


5 


—  7 

3 
9 
5 


Means. 


-2 

-21 

-20 

15 

■10 

-  7 
-10 

-  4 
-2 

14 

4 

^'3 


-11 
17 


-28 
24 


-31 
-36 

-26 
-25 
-10 


—18 


12 
-6 
-10 

4 


-18 
-  3 

4 

11 
9 


Tablr  XXVL— March.    Lowest  7  a.  m.  Temperatures. 


Eastport ............ 

1 

23 

12 

—  1 

3 

—  3 

—  2 

0 

—15 

3 

12 

8 

6 

—  6 

U 

13 

17 

19 
11 
20 
26 
30 

6 

Northfield 

Portland,  Me 

Boston 

11 

26 
25 

19 
17 

6 
13 

8 
6 

"'3' 
6 

-^2 
2 

11 
13 

Nantucket 
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Tabls  XXV.— Maboh.    Lowest  7  a.  m.  Tbmpbbaturbs— Continaed. 


Stations. 

1880. 

188L 

1882. 

1883. 

11 

8 
10 

1884. 

11 

13 

6 

1885. 

10 

—  6 

6 

1886. 

8 
—  3 

10 

1887. 

19 

6 

17 

1888. 

15 
2 
6 

9 

11 
14 
12 

18 
19 

25 
21 
27 

26 
31 

29 
32 
36 
44 

47 

60 
26 
39 
40 
36 

32 
32 
41 
33 
23 

28 
31 
43 
38 
44 

46 
44 
25 
28 
24 

23 

20 

16 

9 

13 

12 

10 

—  1 

1 

2 

5 
9 
7 
5 

1889. 

Means. 

Block  Island 

26 
22 

28 
25 
26 

29 
30 
30 
32 
33 

32 
33 
36 
36 
38 

33 

38 
41 
44 
53 

62 
31 
43 

39 
40 

36 
40 
44 
40 
27 

32 

40 
46 
40 
47 

48 
45 
34 
34 

28 

29 
27 
26 
26 
28 

23 
26 
27 
21 
20 

16 
22 
24 

2:i 
21 

Albanv  ......  ...... . 

9 

18 

19 
23 

24 
22 

10 

New  York  City 

Harrisbiirip ...... .... 

15 

Philadelphia 

AtaanticCity 

Baltimore  .......... . 

21 

21 
24 
23 
32 
29 

35 

24 

23 

28 
26 
2rt 
31 

30 

26 

24 

28 
26 
32 
34 

32 

14 

14 
18 
15 
23 
27 

28 

12 

n 

19 
15 
18 
26 

24 

10 

10 
13 
11 
18 
21 

26 

13 

15 
15 
16 
24 
23 

27 

22 

21 
23 
23 
27 
28 

28 
28 
33 
31 
34 

30 
34 
37 

18 

18 
21 

Wasbinirton .... ..... 

20 

Lynchbargh 

Norfolk 

Charlotte 

25 
27 

29 

Raleigh 

Hatteras  ............ 

36 
37 
42 

39 
46 
47 

34 
34 
35 

33 

:)8 

40 

40 
38 
41 

39 
43 

48 

33 
34 

40 

35 
41 
41 

25 
31 
35 

29 
36 
43 

27 
30 
34 

28 
35 
38 

30 
30 
33 

27 
34 
38 

32 

WiloiiDgton  ......... 

33 

Charleston  .......... 

36 

Angnsta ............. 

32 

Savannah  ........... 

38 

Jacksonville ......... 

41 

Titnaville 

Pt.  Jupiter 

Key  West 

64 
35 
50 
42 
40 

39 
36 
51 
34 

61 
29 
40 
38 
39 

34 
36 
43 
36 

70 
35 
48 
47 
47 

40 
44 
53 
41 

62 
28 
46 
41 
40 

36 
36 
46 
37 

30 

34 
35 
43 
40 

60 
26 
44 
38 
37 

33 
37 
42 
34 
25 

30 
32 
41 

61 
22 
40 
33 
31 

28 
30 
37 
32 
25 

29 
32 

48 
36 

54 
29 
36 
49 
36 

31' 
29 

41 
30 
29 

24 
29 
42 
36 

60 
26 
42 
41 
37 

33 
37 

45 
35 
30 

32 
34 
47 

41 

48 

47 
46 
37 
30 
25 

96 
23 

20 
18 
19 

15 

61 

Atlanta  ............. 

29 

Cedar  Kevs .......... 

43 

Pensacola ........... 

40 

Mobile ;.. 

38 

Montgomery 

Vioksburg  ..•••..... 

34 
36 

New  Orleans 

Shreveport 

44 
35 

Fort  Smith 

Little  Rock 

32 

32 

42 
50 
45 
33 

32 

Palestine...... ...... 

35 

Galveston ...... ..... 

48 
40 

45 

San  Antonio 

29 

37 

Corpus  Ghristi ....... 

Brownsville 

37 
33 

48 
40 

52 

50 

46 

38 
32 

51 
50 

..... 

43 
46 
24 
27 
22 

26 
24 
23 
16 
18 

13 

46 

Rio  Grande  City 

Abilene 

43 

Memphis  ....•• ...... 

30 
30 

33 
33 
29 
27 
29 

24 

32 
27 

28 
23 
23 
21 
25 

17 

39 
35 

36 
30 
31 
26 
32 

28 

29 
26 

28 

24 
21 
15 
19 

16 

28 

20 

25 

17 

16 

7 

14 

7 

27 
17 

20 

18 

15 

4 

6 

2 

30 

Nashville 

Chattanooga  .....'... 
Knoxville  ..•••••...• 

25 

27 
24 

Louisville...... ..... 

22 

Indianapolis 

17 

Cincinnati  .......... 

20 

Columbus .......... . 

16 

Parkersba rirh  ....... 

Pittsbureh 

19 
14 
12 

12 
19 
17 
23 
17 

20 
12 
14 

15 
14 
16 

15 
20 

25 
17 
19 

19 
23 
24 
25 
27 

13 
8 
6 

4 
5 

S 
12 
10 

..... 
11 
8 
0 

1 
0 
6 

y 

4 ; 

6 

—  8 

—  4 

—  3 
2 

—  2 

—  I 

—  2 

12 
—  3 

1 

1 
1 
8 
8 
9 

15 

6 

10 

13 
14 
13 
12 
10 

16 

Osweiro  ............. 

7 

Rochester 

8 

Buffalo 

8 

Erie 

10 

Cleveland 

12 

Sandusky 

Toledo 

13 
12 
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Tablk  XXV.— Mabch.    Lowest  7  a.  m.  Temperaturbb— Continued. 


StatioDB. 

1880. 

188L 

15 

10 

—  5 

1882. 

26 

16 
6 

1883. 

4 

1 

-  4 

1884. 

4 

—  4 

—18 

1885. 

—  2 

—10 
—16 

1886. 

7 

2 

—  5 

1887. 

1888. 

1889. 

20 
20 
18 
10 
10 

"is 

19 
20 
24 

22 
1 

18 
22 
24 

24 
17 
22 
25 
30 

26 
20 
23 
24 

18 
18 
17 
14 
11 

—  2 

0 
14 

—  1 

—  8 

5 
6 
5 

—  7 
13 

11 
37 
16 
12 
19 

Means. 

Detroit 

12 
13 

0 

8 

5 

—  2 

4 

—  2 

—  9 

12 

—16 

—  7 

2 

—  2 

3 
—11 
—13 

—  9 

—  4 

0 

—  4 
5 
7 

21 

14 
13 
11 

14 

4 

—  3 
—16 
-10 

-23 
—13 
-10 
—19 
—28 

—18 
-22 
—13 
—32 
—23 

—10 
21 

—  4 
—12 

1 

10 

8 

—  9 
0 

10 
20 
16 

10 

Port  Huron .-..- 

5 

Alpena .............. 

—  4 

Sault  Ste.  Marie 

Marquette 

—  2 

—14 

2 

0 

7 
8 

—  6 
—13 

—10 
—26 

—15 
—22 

—  1 

—  7 

—  6 

—  8 

—  1 

—  1 

£scanaba  ........... 

— 11 

Green  Bay 

Manistee  ............ 

Grand  Haven 

Milwaukee  ......  ...- 

12 
11 

19 

—  8 

—  4 
2 
3 

15 

—  3 
14 
22 
30 

23 
""4 

18 
4 

13 

7 

10 

8 

6 

8 

8 

18 

20 

29 

21 

"ii" 

20 
17 

22 
—  4 

3 
12 

18 

16 
15 
20 
24 
35 

25 
24 
16 

3 
4 

13 
10 

8 
—  2 

6 

8 

7 

12 

17 

28 

19 

18 
15 

7 

—  5 

0 
—10 
—12 
—10 

—  2 

0 

—  2 

4 

8 
20 

10 

—  5 

—  4 

5 
-14 

—  3 

—  2 
0 

10 

8 

9 

13 

19 

15 

6 
9 

.16 

—  4 

—  2 

0 

1 

9 

9 

12 

20 

23 

24 

'6 

11 

—11 

—  6 

2 

2 

11 
15 
20 
21 
24 

24 

9 
6 

ChicasTo 

12 

Dnhith 

—  4 

St.  Panl 

La  Crosse 

0 
2 

Dnbnone ............ 

5 

DavenT>ort 

10 

Des  Moines ...... .... 

7 

Keoknk  . .. ....... 

14 

8pnngiield,  111 

Cairo 

18 
27 

St.  Loois 

20 

Springfield,  Mo 

Leaven  worth 

Kansas  City 

12 

16 

9 

22 

14 

Lamar  .............. 

18 

20 

25 

Wichita 

• 

Concordia 

8 
1 

—  4 

—  8 

—  5 

—  6 
—10 

—  6 
—11 

—18 
—10 

—  9 

—  9 

—  2 

19 
10 

1 

—  1 

—  5 

—  4 

—  5 
—18 
—25 

—15 
0 
7 

—11 

—  1 

Omaha ...... ...... .. 

—  6 
—12 

6 
2 

7 
3 

8 
4 

I 
—  9 

10 
5 

5 

Yankton  ............ 

—  4 

Valentine 

Fort  Bnford 

—23 

5 

—17 
—  2 

—  7 

—  3 

—21 
—11 

3 
—  3 

—10 

Hnron 

—  5 

Fort  Sully 

Moorhead 

St.  Vincent 

—  2 
—10 

—  6 
16 
15 

—19 
—25 

—20 

—  9 

0 

-22 
—29 

—  9 
7 
6 

—23 
—24 

—12 
—23 
—  7 

3T 
—10 

—16 
—26 

—  9 

17 

20 

2 

13 

ILii 

Bismarck 

Fort  Assinniboine .. . 
Helena 

—16 

—13 

—  2 

3 

Poplar  River 

Fort  Custer 

—22 

14 

2 

—  2 

Rapid  City 

Salt  Lake  City 

Cheyenne 

9 
—14 

—18 
—  8 

27 
5 
5 

10 

13 

6 

10 

13 

32 
19 
18 
22 

26 
8 
2 

12 

25 
6 

11 
7 

17 
17 

23 
—12 

—  6 

—  8 

9 
4 

29 
16 1 
10 
15 

20 
19 

27 
5 

North  Platte. 

3 

Denver...... .k... 

8 

Monftrose...... ...... 

Las  Animas 

6 

14 

10 

Pueblo 

18 

22 

23 
31 
20 

Pike's  Peak 

Dodjie  City.. 

—11 

—  8 

—  2 
11 

2 

-13 

18 

2Gf 

26 

15 

—20 
14 

18 

24 

9 

—  2 

18 

17 
20 
25 

—20 
10 

17 

—  6 
15 

19 
26 
24 

—15 
13 

14 
24 
11 

—  4 
17 

25 
26 
22 

—11 
12 

Fort  Elliott 

17 

Fort  Sill 

23 

Santa  F^ 

14 
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eUMMART. 

The  prooess  of  foreeastiiig  a  cold  wave  by  the  foregoing  method  may  be  briefly 
Bommed  up  as  follows : 

A  cold  ways  is  either  preceded  by  an  extensive  area  of  low  barometric  pressore  or 
there  is  a  high  area  of  pressure  to  the  northwest  of  where  great  fails  of  temperature 
may  be  expected  to  oooar. 

The  extent  of  a  cold  wave,  measured  in  terms  of  100,000  square  miles  multiplied  by 
a  fall  of  10^  as  the  unit,  is  connected  with  the  extent  of  low  and  high  pressure  and 
density  of  isothermal  lines  by  the  following  formula: 

2.75  H + 3. 15  L  4-  0.547  L  F = extent  of  cold  wave.  H  is  the  extent  of  high  pressure  in 
nnits  of  1  inch  excess  of  pressure  over  an  area  of  100,000  square  miles.  L,  is  the  de- 
ficiency of  pressure  in  a  low  area,  in  terms  of  the  same  uuit  as  for  the  high  pressure. 
F,  is  one-tenth  of  the  isothermal  nnmber,  computed  according  to  the  rule  deseribed. 

The  accurate  measurement  by  planimeter  of  the  various  areas  between  isobars  of 
low  and  high-pressure  areas  may,  in  most  cases,  be  dispensed  with.  This  is  especially 
the  case  where  the  areas  are  regular.  The  extent  of  high  and  low  can  be  obtained 
with  sufficient  accuracy  for  juractical  purposes  by  multiplying  tbe  areas  by  one-tbird 
of  the  depth  of  the  low  or  (leight  of  the  high  in  inches.  The  area  can  lie  obtained 
from  the  greatest  and  least  diameters  of  the  bounding  isobars  of  the  high  and  low, 
considering  the  figures  as  approximately  ellipses. 

The  areas  between  the  isotherms  will  have  to  be  measured  by  meaus  of  tbe  plan- 
imeter except  in  the  case  of  very  regular  areas  nearly  rectangular.  In  most  cases, 
too,  the  areas  of  the  high  pressures  will  have  to  be  measuied. 

The  maximum  fall  of  temperature  is  derived  from  the  temperature  computed  by  the 
method  described,  the  mean  of  all  the  temperatures  to  the  nortbwest  of  the  selectetl 
place  of  greatest  fall  being  taken  with  weights  proportional  to  the  extent  of  tbe  va- 
rious temperatures  diyided  by  their  distances  from  the  point  of  greatest  fall. 

From  the  extent  of  cold  wave  and  the  maximum  fall  the  area  of  the  20^  tempera- 
ture-fall curve  is  derived  by  means  of  Tables  XII  and  XIII. 

The  ratio  of  the  axes  of  the  20^  temperature-fall  area  or  either  one  of  the  axes  being 
determined  and  the  area  being  known,  the  lengths  of  the  axes  are  to  be  derived  from 
Table  XVI. 

The  lengths  of  axes  being  determined,  a  card-board  pattern  previously  prepared  of 
the  exact  sbape  and  area  adapted  to  the  scale  of  the  map  is  to  be  laid  on  the  map  and 
a  line  drawn  around  it. 

The  point  of  maximum  fall  being  known,  the  cux^es  of  30^  and  40°  temperatnre-fall, 
etc.,  can  be  drawn  in  with  reference  to  it  and  the  20°  fall  curve.  Where  the  isother- 
mal lines  representing  these  computed  temperatures  are  irregular  in  appearance,  tbey 
can  be  improved  upon  somewhat  by  smoothing  them  out  so  as  to  represent  a  meau 
position  of  the  computed  isotherms. 

The  method  of  forecasting  cold  waves  described  is  best  adapted  to  that  part  of  tbe 
country  east  of  the  Mississippi  River  and  south  of  the  Ohio  River,  and  for  the  States 
of  Missouri,  Arkansas,  Texas,  and  Louisiana.  In  this  region  the  forecasts  of  cold 
waves  will  be  more  trustworthy  than  heretofore,  as  there  is  a  good  opportunity  to 
make  an  exact  measurement  on  the  map  of  the  extents  of  high  and  low  areas  of  pres- 
sure and  the  isothermal  number,  the  factors  on  which  the  cold  wave  depends. 

For  North  and  South  Dakota,  Minnesota,  and  Montana,  it  is  not  possible  to  derive 
any  great  advantage  from  this  method,  the  measurements  of  the  high  areas  of  pres- 
sure preceding  cold  waves  not  being  possible,  as  they  extend  into  a  region  outside  of 
observation.  However,  for  types  of  cold  waves  in  this  region  dependent  on  low  pres- 
sures, not  accompanied  by  highs,  the  method  will  make  some  improvement  in  the 
forecasts. 

When  the  low  area  of  pressnre  is  bordering  on  the  ocean  its  limits  are,  of  course,  un- 
known, and  estimates  of  its  extent  will  necessarily  be  uncertain. 

For  this  reason  the  method  will  not  give  much  of  an  improvement  in  the  forecasts 
of  cold  waves  in  the  New  England  States,  especially  as  in  that  section  the  areas  of 
the  high  pressure  will  pretty  generally  be  unknown,  being  north  of  the  Dominion  of 
Canada,  In  a  region  without  any  observing  stations.  The  method  of  computing  the 
maximum  fall  of  temperature,  which  will  be  applicable  in  this  case,  however,  will 
produce  some  improvement  in  the  forecasts. 

The  greater  the  cold  wave  the  greater  the  chance  of  successfully  forecasting  it. 
Taking  into  consideration  the  probable  error  of  the  extent  of  a  cold  wave,  as  deter- 
mined by  this  method,  :l-5.4,  it  would  seem  advisable  to  forecast  only  such  cold  waves 
as  have  an  extent  of  atleast  15. 

In  very  rare  oases,  such  as  that  of  Chicago,  on  March  4, 1881,  this  method  would 
have  been  almost  a  complete  failure. 

The  extent  of  temperatnre-fall  as  derived  by  this  method  will,  in  some  cases  be 
much  too  small  and  in  some  cases  too  great.  For  the  greater  number  of  oases  it  will 
give  a  result  agreeing  somewhat  nearly  with  the  temperature-falls  that  aotnally 
ooenr. 
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REPORT  OF  THB  ASSISTANT  PROFESSOR  IN  CHARGE  OF  THE  RIVER  AND 

FLOOD  DIVISION 


Signal  Officr,  War  Departmrnt, 

Washington  City,  July  22,  1800. 

Sir  :  I  have  the  honor  to  make  the  followiDg  report  on  the  work  of  the  river  and 
flood  division  of  the  Signal  Office  for  the  past  year. 

The  following  is  a  list  of  river  statione  and  special  rainfall  stations  to  he  in  opera- 
tion the  coming  year: 

List  ov  Sfxoial  River  Stations  Arrakqbd  Acgordixo  to  Sections. 


Head  of  section. 

Name  of  station. 

Head  of  section. 

Name  of  station. 

Cairo.  Til  

Colombia.  Tenn. 

Pittsburgh,  Pa... 

Morgantown,  W.  Va. 
OU  City,  Pa. 

EddyvUle,  Ky. 

Evansville,  Ind. 

Parker's  Land'g,  Pa. 
Rowlesburgh,  W.  Va. 

Grand  Tower,  ni. 

'                     • 

Terre  Hante,  Ind. 

Saltsburgh,  Pa. 
Warren,  Pa. 

Monnt  Carmel,  HI. 

Monot  Vernon,  Ind. 

Weston,  W.  Va. 

Paducah,  Ky. 

St.Lonis,Mo 

Beardstown,  ID. 

Johnsonville,  Tenn.' 

BoonvUle,  Mo. 

Vincennes,  Ind. 

Hermann,  Mo. 

Charleston,  Tenn. 

Jerome,  Mo. 

Clinton,  Tenn. 

Le  Claire,  Iowa. 

Decatnr,  Ala. 

Loaisiana,  Mo. 

Chattanooga,  Tenn. 

Kingston,  Tenn. 

. 

Peoria,  DL 

London,  Tenn. 

"Warsaw,  HI. 

Strawberry  Plains, 

Shreveport,  La  . . . 

Conshatta,  La. 
Fulton,  Ark. 

Tenn. 

, 

Bockwood,  Tenn. 

Memphis, Tenn  ... 

Helena,  Ark. 

Manhattan,  Kans. 

Vicksbutg,  Miss  .. 

Yazoo  City,  Miss. 

Plattsmouth,  Nebr. 

Newport,  Ark. 

St.  Joseph,  Mo. 

Arkansas  City,  Ark. 

Kashville,  Tenn 

Bnmside,  Ky. 

Charleston,  6.  C  .. 

Monnt  HoUy,  N.  C. 

Carthage,  Tenn. 
Alexandria,  La. 

Little  Rock,  Ark.. 

Dardanelle,  Ark. 

New  Orleans,  La  . . . 

Washington,  D.  C . 

Harper'sFerry,W.Va. 

Delhi,  La. 

Mnscatine,  Iowa. 

Oirard,  La. 

Cincinnati,  Ohio.. 

Wheeling,  W.  Va. 

Monroe,  La. 

• 

Marietta,  Ohio. 

Camden,  Ark. 

Portsmouth,  Ohio. 

Melville,  La. 

Zanesville,  Ohio. 

Pittsburgh,  Pa 

Brookville,Pa. 

Pt.  Pleasant,  W.Va. 

Clarion,  Pa. 

Circleville,  Ohio. 

Conflnenoe,  Pa. 

Charleston,  W.Va. 

Freeport,  Pa. 

Hinton,W.Va. 

Qreensborongh,  Pa. 

Catlettsburgh,  Ky. 

Lock  No.  4,  Pa. 

Louisa,  Ky. 

Johnstown,  Pa. 

Falmouth,  Ky. 

Mahoning,  Pa. 

t 

Frankfort,  Ky. 
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8PKCIAL  RAINFALL  STATIONS— ONE  OBSERVATION  TAKEN  DAILT. 

Shreveport  section — Arkadelph  i  a,  Ark. 

Cmro  section— Lafayette,  Ind. ;    LogaAsport,  Ind.;    Greensboi^b,  Ey. ;    Bowling 
Green,  Ky. 

Chattanooga  section — UOgersville,  Tenn. ;  Marphy,  N.  C. ;  Aaheville,  K.  C. ;  Charles- 
ton, N.  C. 

Cincinnati  section — Kenton,  Ohio ;  Mansfield,  Ohio ;  Wooster,  Ohio ;  Canton,  Ohio ; 
Abingdon,  y a.;  Cal>  donia,  Ohio;  Christiansbargh,  Va. ;  White  Sulphur  Springs, 
W.  Va. ;  Glenville,  W.  Va. ;  Buckhannon,  W.  Va. 

Dubuque  «ecWon— Portage,  Wis. 

Fort  Smith  tectton— Springer,  N.  Mex. ;  Eufanla,  Ind.  T. ;  Tulsa,  Ind.  T. 

Montgomery  section— Rome,  Ga. 

Keokuk  section — Cedar  Rapids,  Iowa. 

La  Crosse  section — Chippewa  Falls,  Wis. ;  Phillips,  Wis. ;  Medford,  Wis. 

Kansas  City  secti<m — Calbertson,  Nebr. ;  Oberlin,  Kaus. ;  Kirwin,  Kans. ;  Wallace, 
Kans. ;  Salina,  Kans. 

Louisville  section — Rushville,  Ind. ;  Huntington,  Ind. ;  Sidney,  Ohio. 

Nashville  section — Williamsbnrgh,  Ky. 

St,  Louis  «ec^f on— Ottawa,  III. 

St,  Paul  section — ^Fergus  Falls,  Minn. ;  Fort  Ripley,  Minn. ;  Ortonville,  Minu. ;  Alex- 
andria, Minn.;  Redwood  Falls,  Minn.;  Tracy,  Minn. 

Washington  section — Woodstock,  Va. ;  Gettysburgh,  Pa.;  Cumberland,  Md. 

Telegraphic  reports  of  the  stage  of  the  water  are  received  daily  at  the  Washington 
office  from  the  following  places:  Shreveport,  La. ;  Fort  Smith  and  Little  Rock,  Ark. ; 
Sioux  City,  Iowa;  Omaha,  Nebr.;  Kansas  City,  Mo.;  St.  Paul,  Minn.;  La  CrofiKe, 
Wis. ;  Dubnque,  Iowa ;  Da\eiipart,  Iowa ;  Keokuk,  Iowa;  St.  Louis, Mo. ;  Cairo,  11).; 
Memphis,  Tenn. ;  Helen^a,  Ark. ;  Vicksbuiv,  Miss. ;  New  Orleans,  La. ;  Pittsburgb, 
Pa. ;  Parkersburgh,  W.  Va. ;  Cincinnati,  Ohio ;  Louisville,  Ky. ;  Chattanooga  and 
Nashville,  Tenn. ;  and  Augusta,  Ga. 

The  only  changes  in  the  lint  from  that  of  last  year  is  the  establishment  of  an  addi- 
tional river  station  on  the  Wal)ash  River  at  Terre  Haute,  lud.,  and  special  raiufall 
stations  at  Rome,  Ga.,  and  Arkadelph ia,  Ark. 

The  river-gange  readings  at  all  the  Signal  Service  stations  since  the  commencement 
of  observations  have  been  arranged  and  copied,  a  single  page  containing  the  readin*^ 
at  a  place  for  each  year.  Part  of  these,  comprising  all  in  the  Ohio  valley,  except  tbe 
reading  for  such  stations  as  have  alieady  been  published  by  the  Mississippi  River 
Commission,  have  been  milliographed  lu  typewriting.  Forty-seven  full  copies  were 
produced,  each  making  a  volume  of  395  pannes.  The  book  is  entitled  ''Stages  of  tbe 
Ohio  River  and  its  Principal  Tributaries,  18o8  to  1889,  inclusive.    Paft  I." 

It  is  in  coutemplation  to  largely  increase  th<^  number  of  river  and  raiufall  stations 
this  year  if  the  increased  appropriation  of  $13,000  asked  for  is  grauted.  The  appro- 
priation last  year  for  the  river  and  flood  service  was  $9,000.  Six  river  stations  niigbt 
be  advantageously  established  in  Alabama  at  various  points,  and  three  in  Georgia. 
Of  those  in  Georgia,  one  should  be  at  Rome,  in  the  northern  part  of  the  State,  and 
another  at  some  point  on  the  river  above  it  The  third  station  in  Georgia  should  be 
at  some  point  on  the  Savannah  River  above  Augusta. 

There  is  great  demand  on  the  part  of  river  interests  for  additional  stations  on  th(^ 
.upper  tributaries  of  the  Ohio  River.     At  least  two  additional  river  stations  mi^ht  he 
established  there;  one  should  1>e  at  West  Newton.    About  four. special  raiufall  sta- 
tions should  be  opened. 

It  would  be  expedient  to  establish  two  river  stations  on  the  Susquehanna  River, 
one  at  Harrisbnrg,  and  another  at  some  point  above,  and  two  on  the  Juniata  River. 

Some  investigations  were  made  durinsj  the  year  of  the  relation  of  gauge  readin;;s 
at  various  places  during  rising  stages  of  the  rivers,  especially  for  Cairo. 

This  was  done  for  the  purpose  of  deriving  some  sort  of  a  practical  rule  by  means  of 
which  the  approximate  stages  of  water  at  Cairo  might  be  computed  some  days  in  ad- 
vance when  there  was  an  important  rise.  The  river  stations  available  for  this  par- 
pose  are  St.  Louis,  Cincinnati,  Chattanooga,  and  Nashville. 

The  area  of  country  drained  by  the  water  passing  Cincinnati  is  78,000  square  miles; 
that  passing  Nashville  drains  15,000;  that  passing  Chattanooga  drains  :i3,000:  that 
passing  St.  Louis  drains  727,000  square  miles.  On  the  average,  as  shown  by  discharge 
measurements  in  1881  and  1882,  the  quantity  of  water  pas.sing  St.  Louis,  coming  from 
the  Missouri  and  Upper  Mis-sissippi  Rivers,  is  about  eight-tenths  of  the  volume  of 
water  that  comes  out  of  the  Ohio  River,  as  shown  by  the  di8char<;e  measurements  at 
Paduoah.  Below  St.  Louis,  Cincinnati,  Chattanooga,  and  NaHhville  there  is  an  area  of 
108,000  square  miles,  the  water  from  which  passes  Cairo,  but  does  not  pass  those  places. 
Any  rule  derive<l  for  determining  the  Cairo  stage  of  water  from  st<ages  at  points  above 
which  leaves  out  of  account  the  rainfall  in  this  area  will  be  necessarily  very  inipcr- 
tect.    There  is  no  satisfactory  way%)f  taking  into  account  the  rainfall  in  this  area. 
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ut  inasmnnh  as  predictions  of  the  stages  of  water  have  t  >  be  made,  it  is  necessary 

Ivhat  some  systematic  method  for  the  purpose  be  devised.  8iich  general  warnings  as 
*' the  river  will  rise,*'  or  **  the  river  will  fall/'  or  *'the  river  will  rise  greatly,"  are 
manifestly  not  of  mach  valne  to  the  piibUc. 

From  a  consideration  of  the  time  it  takes  flood  water  to  travel  to  Cairo  from  the 
places  mentioned,  and  from  a  consideration  of  the  fact  that  when  the  stage  of  water 
at  Cairo  is  high,  a  rise  at  a  point  above  has  less  effect  than  when  the  Cairo  stage  is 
low,  the  following  plan  of  deriving  the  rule  was  devised: 

The  principal  rises  that  have  occurred  at  Cairo  since  1681,  after  there  had  been  any 
considerable  rise  at  Cincinnati,  and  the  water  at  Cincinnati  had  reached  a  crest,  were 
put  eqnal  to  the  rise  at  Cincinnati  occurring  six  days  before,  plus  the  rise  or  minus 
the  fall  at  Nashville  occurring  three  days  before,  plus  the  rise  or  minus  the  fall  occur- 
ring at  Chattanooga  six  days  i»etore,  and  pins  or  minus  the  fall  occurring  at  St.  Louis 
fonr  days  before,  each  one  mnltiplied  by  an  unknown  factor.    The  adopted  relation 

(50— G)« 
between  the  rises  at  Cairo  for  different  stages  at  that  point  was  0.30 -f-'    ^q^j} — lO, 

being  the  gauge  reading.  Equations  of  observations  were  formed  on  this  moael  for 
all  the  principal  rises  since  IbSl.  The  normal  equations  were  formed  and  the  values 
of  the  fonr  unknown  factors  determined. 

From  this  the  rule  was  derived  to  find  the  rise  at  Cairo  after  six  days,  when  there 
has  been  a  rise  of  more  than  10  feet  at  Cinciunati  in  six  days  preceding,  and  the 
water  has  reached  or  nearly  reached  its  highcKt. 

The  rise  at  Cairo  will  be  equal  to  0.38  of  the  rise  at  Cincinnati  in  six  days,  plus 
0.38  of  the  rise  at  Chattanooga  in  the  preceding  six  days,  plus  0.31  of  the  rise  at 
Nashrille  in  the  preceding  three  days,  plus  1.2  times  the  rise  at  St.  Louis  in  the  preced- 

ing  four  days,  the  whole  sum  multiplied  by  the  factor  0.30 -f- — iyoo^*    In  case  any 

of  the  stations  have  a  fall  instead  of  a  rise  it  is  to  be  taken  with  a  minus  sign. 

In  most  cases  this  gives  the  rise  within  2  or  3  feet. 

There  was  a  great  flood  in  the  lower  Mississippi  River  during  March  and  April. 
On  March  1,  when  the  stage  of  river  at  Cairo  was  42.1  feet,  tne  river  at  Cincinnati 
and  other  places  having  risen  greatly,  there  was  given  a  flood  warning  for  the  lower 
Mississippi  Valley  in  a  special  bnlletiu  from  the  Washington  oflSce.  l^e  rise  to  take 
place  at  Cairo  in  the  next  six  days  was  given  as  9  feet,  computed  according  to  the 
above  rule,  allowing  an  extra  2  feet  for  rainfall  in  the  108,000  square-mile  area.  The 
stage  at  Cairo  on  March  8  was  47.7,  a  rise  of  6  feet,  and  after  that,  to  March  12,  it 
rose  about  1  foot  more. 

The  allowance  of  2  feet  for  the  rainfall  in  the  108,000  square* mile  area  was  made 
on  acconnt  of  the  rainfall  being  excessive  as  compared  with  the  rainfall  in  same 
area  preceding  other  floods.  > 

Ehti mating  river  rise  from  depth  of  rainfall  is  decidedly  uncertain,  as  has  been 
fonnd  from  experience  in  this  case  and  in  many  others  aL^^o. 

In  the  same  bulletin  of  March  1  it  was  estimated  that  the  river  at  Vicksbnrg, 
which  was  46.3,  would  rise  by  March  14  to  49  feet.  On  March  15  it  had  risen  to  48, 
and  probably  would  have  gone  higher  had  it  not  been  for  the  crevasses  that  oconrred 
about  that  time  farther  up  the  river. 

On  March  12  another  flood  warning  was  issued.  It  seemed  evident  at  that  time 
that  the  lower  Mississippi  was  about  to  be  visited  by  one  of  the  greatest  floods  that 
had  ever  occurred.  Other  si)ecial  bulletins  were  also-  issued  on  March  27  and  April 
2.  These  warnings  were  borne  out  in  the  main  by  the  facts.  The  warnings  were 
heeded  and  were  a  great  benefit  to  the  people  in  the  country  visited  by  the  flood. 

The  damage  done  to  the  country  was  great.  All  the  accounts  from  our  observers 
agree  that  had  it  not  been  for  the  improved  levee  system  the  losses  would  have  been 
enormous  and  the  damage  irreparable. 

An  investigation  of  the  high  waters  of  Cincinnati  at  various  times  was  made,  with 
a  view  to  predicting  rises  in  the  future,  from  stages  at  points  on  the  river  above. 
This  was  not  found  practicable  with  any  degree  of  satisfaction.  The  rainfalls  are 
not  of  much  service  in  predicting  the  river  rise,  no  matter  how  numerous  the  sta- 
tions. With  a  fall  of  2  inches  at  several  stations  in  the  drainage  area  there  is  little 
or  no  rise  at  times;  then,  ap^ain,  with  a  fall  of  only  1  inch  at  a  single  station  the  rise 
may  be  very  great.  Satisfactory  methods  of  predicting  stages  of  water  fur  Cinciu- 
nati and  other  places  might  be  devised  if  the  relations  between  river  discharges  and 
gauge  readings  for  points  above  were  known. 

As  matters  stand  now  there  is  no  way  of  telling  what  a  rise  in  the  river  at  Zanes- 
ville,  Ciroleville,  or  Louisa,  etc.,  may  mean.  Similar  gauge  readings  mean  very 
differeut  volnmes  of  water  passing  at  different  places.  The  making  of  discharge 
measurements  at  a  number  of  points  would  be  an  expensive  matter,  but  there  is  no 
hope  of  improving  the  predictions  of  stages  of  water  much  nntll  this  is  done.  The 
gauging  with  self-registering  revolving  meters,  wjhich  would  be  the  most  satisfactory 
method,  could  be  done  very  economically  by  the  Signal  Service  observers.    With 
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one  competent  engineer  to  go  to  a  number  of  selected  stations  and  instmct  the  ob- 
servers, the  observations  could  then  be  made  by  the  observers  at  times  when  suitable 
stages  of  the  river  ooonrred.  Abont  four  days'  work  at  each  stage  of  water  about  10 
feet  apart  throughout  the  range  of  river  would  give  the  discharge  curve  with  suffi- 
cient accuracy  for  prediction  purposes. 

The  observers  at  the  principal  Signal  Service  stations  are  used  to  work  of  compu- 
tation and  their  familiarity  with  anemometers  and  other  self  registering  apparatus 
renders  it  certaiu  that  with  instruction  they  would  be  able  to  make  satisfactory 
Telocity  measurements  of  the  river  current.  The  work  would  require  only  a  few 
days  from  time  to  time,  and  help  could  be  hired  as  needed  for  the  time  being.  The  ob- 
servations might  extend  over  three  or  more  years,  or  long  enough  to  get -the  widest 
range  in  the  stages  of  water.  It  is  estimated  that  the  work  might  be  done  in  this 
way  at  an  expense  of  abont  $800  for  each  station.  There  are  ten  stations  in  the  Ohio 
Valley  where  it  would  be  advisable  to  have  measurements  of  this  kind  made.  An 
appropriation  of  abont  $3,000  a  year  fur  several  years  might  be  advantageously  ex- 
pended in  gauging  rivers  according  to  this  plan. 

At  a  number  of  stations  discharge  measurements  sufficiently  good  could  be  obtained 
by  establishing  temporary  gauges  at  a  distance  of  a  few  miles  from  places  where  there 
are  gauges  now  and  leveling  accurately  between  their  zeros.  With  an  established 
cross-section  and  the  slopes  as  derived  from  the  gauge  readings  at  diiferent  stages 
the  velocities  could  be  computed. 

Floods  in  the  Seine  River,  at  Paris,  France,  are  predicted  three  days  in  advance. 

The  floods  are  of  two  kinds :  those  when  the  river  at  Paris  is  in  a  rising  stage 
three  days  before  the  occurrence  of  highest  water,  and  those  when  it  is  in  a  falling 
staffs  three  days  before.  For  the  first  kind  the  predicted  stages  at  bridge  *'  la  Tour- 
nelle  "  are  never  more  than  2  feet  in  error ;  for  tne  second  kind  the  error  is  at  times 
somewhat  greater.  The  rise  at  Paris  is  sometimes  26  feet  above  low  water.  The 
Seine  above  Paris  drains  about  20,000  square  miles.  The  drainage  area  above  Cin- 
cinnati is  abont  four  times  as  great.  With  a  greater  number  of  stations  than  there  is 
now  in  the  Ohio  Valley  above  Cincinnati,  and  with  a  knowledge  of  the  river  outflow 
in  relation  to  gauge  reading,  there  is  no  reason  why  nearly  as  accurate  predictions 
three  days  ahead  could  not  oe  made  for  Cincinnati  as  for  Paris. 
Very  respectfully, 

T.  Russell, 
In  ckarge  Biwr  and  Flood  Divtaion 


THE  FLOOD  IN  THE  LOWER  MISSISSIPPI  RIVER,  1890. 

During  the  months  of  March,  April,  and  May,  1890,  the  Lower  Mississippi  Valley 
below  Cairo,  111.,  was  visited  by  one  of  the  greatest  and  most  disastrous  floods  ever 
known  to  that  region.  The  flood  compares  in  extent  with  the  great  overflows  in 
the  same  district  in  the  years  1858,  1874,  and  18H2.  The  stages  of  water  in  the  Mis- 
sissippi River  in  the  part  of  its  course  Just  below  Cairo  were  not  generally  as  high  as 
in  the  floods  mentioned,  but  this  was  compensated  for  by  the  long  continued  stage  of 
high  water.  Along  the  lower  course  of  the  river  the  stages  of  water  were  from  1.5  to 
2  TOet  higher  than  the  hizhest  ever  known  before.  Most  of  the  levees  along  the  river 
at  the  beginning  of  Marcn  were  in  excellent  condition  to  withstand  a  flood.  The  ex- 
tension and  repairs  to  these  bulwarks  of  the  lower  valley,  recently  made  under  the 
direction  of  the  Mississippi  River  Commission,  had  made  a  complete  line  of  defense 
on  the  east  bank  from  the  Gulf  of  Mexico  to  Memphis,  Tenn.,  and  on  the  west  bank 
from  the  Gulf  to  the  mouth  of  the  Arkansas  River.  Part  of  this,  however,  was  of 
such  recent  construction  that  it  was  not  able  to  withstand  a  long  continued  contact 
of  the  water,  and  after  holding  out  very  well  for  a  month  or  more,  it  gave  way  in 
numerous  places,  floodioff  the  country  extending  for  40  miles  back  from  the  river 
in  the  States  of  Missouri,  Arkansas,  Mississippi,  and  Louisiana.  A  levee  to  withstand 
the  water  the  best  should  be  two  or  three  years  old.  The  damage  in  the  conntry, 
though  great,  would  have  been  incomparably  greater  had  it  not  been  for  the  recent 

>  extensions  and  improvements  made  in  the  levee  system. 

On  January  2  the  Ohio  at  Cairo,  with  a  stage  of  18.5,  began  to  rise,  and  reached 
44.5  feet  by  tne  20th.    It  then  fell  to  33  on  February  7,  reached  another  crest  of  41.7 

^  on  February  17,  and  fell  again  to  34  on  February  24.    It  then  began  to  rise,  rapidly 

at  first,  and  then  slowly,  until  it  reached  a  maximum  of  48.8  on  Marth  13.  It  then 
slowly  fell  to  46.5  on  March  26,  and  again  rose  to  48.7  on  April  26,  and  then  fell  rapidly 
from  that  point. 

I  .   In  1874  the  highest  water  was  47.4,  April  26 ;  in  1882  the  highest  was  51.9,  February 

i    •  26;  and  in  1884,  51.6,  February  22. 

J  At  Helena,  Ark.,  the  river  began  to  rise  January  2,  and  advanced  steadily  until  the 

height  of  42. 1  was  reached  on  February  1.    The  river  then  fell  off  slightly  and  attained 

ll 
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Another  orest  of  41.9  on  Febmary  21.  It  then  fell  slightly  and  again  rose  to  the  nn- 
precedented  height  of  47.7:^  feet  on  March  30. 

The  highest  reached  in  ld74  was  45.8  on  May  11,  and  in  1882,  47.2  on  March  9.  In 
1B84,  March  6,  it  reached  a  height  of  47. 

At  Yickdbarg.  with  a  stage  of  19.3  on  January  7,  the  water  began  to  rise  steadily 
and  reached  a  neight  of  48  on  March  16.  From  this  point  the  water  fell  slowly  to 
4C).3  feet  until  March  31.  This  fall  was  probably  dne  to  the  crevasse  of  March  15  at 
Pecan  Grove,  just  above  Yicksbnrg.  From  this  time  the  river  rose  gradually  to  49.1 
feet  on  April  25.  This  excesaiyely  high  stage  at  Vicksbnrg  was  dne  to  the  crevasse 
water  coming  out  of  the  Yazoo  Basin  added  to  the  maio  river  flood. 

In  1874  the  hi^rhest  water  was  45.7  May  2;  in  1882,  the  highest  was  48.8  March  21, 
and  in  1884,  4U  March  25. 

At  Bed  Biver  Landing,  La.,  the  highest  gauge  reading,  48.6,  was  reached  April  23. 
The  highest  in  1874  was  47,  April  16 ;  in  1882,  48.5  on  March  27,  and  in  1884,  March 
[    29,47.3. 

At  Natchez,  Miss.,  the  highest  water,  48.6,  was  reached  April  23.  The  highest  in 
I    1*^74  was  45.6.  April  20 ;  in  H82,  47.8  on  March  28,  and  in  1884,  47.4  March  24. 

At  Baton  Uouge,  La.,  the  highest  (i:auge  reading  36.6  was  obtained  April  21.  The 
highest  in  1874  was  36.2  April  16;  in  1882,  March  21,  35.9,  and  in  1884,  March  24,  36.2. 

At  New  Orleans  the  river  with  a  stage  of  6  feet  began  to  rise  January  8,  and  ad- 
vanced steadily  until  a  stage  of  16.7  was  reached  on  March  21.  The  water  was  about 
16  feet  until  April  21,  and  remained  above  the  danger  line,  or  13  feet,  until  June  13. 

The  river  at  New  Orleans  is  subject  to  an  oscillation  ofa  few  tenths  of  a  foot^  having 
a  x>eriod  of  half  an  hour,  supposed  to  be  due  to  the  impact  of  river  on  the  bend  at 
that  place.  At  the  crest  of  one  of  these  oscillations  the  gauge  read  17  on  the  after- 
noon of  March  13.  The  greatest  velocity  of  river  in  front  of  city  at  the  time  was 
5.5  miles  per  hour. 

In  1874  the  highest  water  was  16  April  15;  in  1882  the  highest  was  15  March  27, 
and  in  1H84,  15.6  March  18. 

The  stages  of  water  that  preceded  the  great  rise  this  year  were  preceded  at  Cincin- 
nati, Ohio,  by  flood-wave  crests  of  48.7  January  21,  48  February  10,  57  March  1, 
and  59  March  26.  At  Nashville  there  were  crests  of  36.5  January  22,  38  February  13, 
50.7  March  6,  and  41  March  *^8.  At  Chattanooga  there  were  crests  of  13  January  23, 
4'2.r>  March  2,  and  27.3  March  25. 

The  Upper  Mississippi  above  Cairo,  at  St.  Louis,  had  maximum  stages  of  14.4  Janu- 
ary 18, 11.5  Febraury  8,  15  March  16,  17.5  April  5,  and  18.5  April  30. 

Worn  the  monthly  mean  gauge  readings  at  St.  Louis,  Mo.,  and  Padnoah,  Ky.,  for 
1881  and  1882  given  in  the  report  of  the  Chief  Signal  Officer  for  1889  on  page  164,  and 
the  river  discharges  at  the  name  places  for  the  corresponding  months  given  on  pages 
161  and  162,  it  is  computed  from  the  mean  gauge  readings  for  January,  February, 
March,  April,  May,  and  June,  1890,  that  the  fol£>wing  amounts  of  water  in  onbio 
miles  passed  St.  Louis  and  Cairo  which  subsequently  p!iHH4>d  through  tlie  Mississippi 
River  below  Cairo.  All  the  water  of  Ohio  Valley  passes  Paducah,  and  all  of  the  Upper 
Mississippi  and  Missouri  passes  St.  Louis. 

Cubic  Miles  of  Water  Passhtq  St.  Louis  and  Paduoab. 


1890. 


Paducah. 


January 
February 
March  ... 
April  .... 

May 

June..... 


The  Upper  Mississippi  contribution  to  thn  flood  was  comparatively  small,  as  is  usually 
the  ease  in  floods  of  the  lower  river,  the  main  volume  of  water,  as  may  be  seen  from 
the  above,  coming  out  of  the  Ohio  and  its  tributaries,  the  Cnmberland  and  Tennessee. 
The  Missouri  River  cuts  a  very  small  figure  in  the  flood,  as  only  one-third  of  the  water 
which  passes  St.  Louis  conies  out  of  it. 

The  following  shows  the  number  of  cubic  miles  of  water  poured  into  the  Mississippi 
River  below  Cairo  by  the  Upper  Mississippi  above  St.  Lonis.  and  by  the  Ohio  River 
above  Paducah,  for  the  six  months,  January  1  to  July  1,  during  the  flood  years  1890 
and  1882,  and  alsoduriuj^  1H81,  which  was  not  a  flood  year  in  the  Ohio,  but  was  a  year 
of  great  flood  iu  the  Missouri  River. 
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Cubic  Milks  of  Water  BiVTBRiKO  Lowkb  Mississippi  Rivbr. 


Tear. 


January  to  July 

1881 , 

16«2 

1890 


From  the 
Upper 

Mississippi 
River. 


34.2 

:w.9 

1.S.6 


From  the 
Ohio  River. 


35.7 
73.8 
58.9 


There  passes  through  the  Lower  Mississippi  River,  in  addition  to  the  above,  the 
water  from  the  Arkansas,  the  White,  the  Red,  the  St.  Francis,  the  Yazoo,  and  other 
rivers. 

While  there  was  no  flood  in  the  Lower  Mississippi  in  18^1,  yet  the  water  was  quite 
high ;  at  Cairo  45.8  April  20,  at  Vicksbnrg  41.6  May  10,  at  New  Orleans  12.4  May  26. 
The  total  of  water  entering  the  lower  river  from  above  St.  Louis  and  Cairo  in  the 
first  half  of  1881  being  69.9  cubic  miles,  and  in  1890  for  the  same  time  being  74.5  cubic 
miles,  or  only  a  very  Tittle  more  than  in  1^81,  shows  that  the  water  entering  the  river 
from  the  lower  tributaries,  the  Arkansas,  Red,  etc.,  is  very  important  in  the  flooding 
of  1  he  country. 

During  the  flood  of  1890  the  water  was  above  the  danger  line  at  Cairo  69  days ;  at 
Memphis,  56  days;  at  Helena ,  113  days;  at  Vioksbuis,  124  days ;  at  New  Orleans,  136 
days.  The  danger  line  at  Cairo  is 40  feet;  at  Memphis,  33  feet;  at  Helena,  37  feet ;  at 
Vicksbnrg,  41  feet ;  at  New  Orleans,  13  feet. 

In  the  flood  of  1882  the  river  nt  Cairo  was  above  the  danger  line  81  days;  at  Mem- 
phis, 65  days ;  at  Helena.  115  days ;  at  Vicksbnrg,  162  days ;  at  New  Orleans,  92  days. 

For  fche  month  of  January,  1890,  the  district  of  greatest  rainfall,  over  10  inches, 
was  a  strip  of  country  400  miles  in  length  and  50  in  width,  extending  from  south- 
eastern Missouri  to  Indianapolis,  where  the  greatest  fall  occurred,  10.:^  inches.  The 
rainfall  diminished  to  the  northwest  and  southeast  of  this  strip.  The  lines  of  equal 
depth  of  rainfall  formed  oblong  areas,  the  longest  axis  extending  from  southwest  to 
northeast. 

In  Febraary  the  areas  of  equal  depth  of  rainfall  were  the  same  shape  as  in  January ; 
the  greatest  fall  was  10.95  inches  at  Nashville  In  March  the  areas  were  also  the 
same  shape  and  greatest  fall  9.58  inches  at  Louisville. 

The  rainfall  in  cubic  miles  was  as  follows,  during  Jannary,  February,  and  March,  in 
the  catcliment  basin  of  the  Ohio  Valley,  211,680  square  miles,  and  in  the  basin  of  the 
Upper  Mississippi  Valley  above  St.  Louis,  171,800  square  miles,  excluding  the  Missouri 
Valley,  ab  derived  from  plani meter  measurements  of  the  areas  on  maps: 


1890. 

1881. 

1882. 

Month. 

Upper 

Mississippi 

Valley. 

Ohio 
VaUey. 

Upper 

Mississippi 

Valley. 

Ohio 
Valley. 

Upper 

Mississippi 

Valley. 

Ohio 
VaUey. 

January  

February 

March 

6.2 
4.8 
5.0 

19.0 
24.1 
19.9 

3.2 

8.7 
5.5 

1L4 
16.0 
12.0 

2.6 
4.9 
7.3 

26.9 
2L7 

16.7 

The  first  important  break  in  the  levees  occurred  March  10  at  Sappington  Hook,  on 
the  west  bank  of  the  river,  6  miles  above  Arkansas  City.  The  next  was  March  15  at 
Pecan  Grove,  on  the  west  bank  33  miles  above  Vicksbnrg,  and  the  same  day  near 
Luna  Landing,  -Chicot  County,  Ark.  All  the  plantations  about  Milliken's  Bend  and  a 
large  area  of  the  Tensas  Basin  firom  below  Lake  Providence  across  to  the  Tensas 
River  and  Bayou  Macon,  and  a  great  part  of  Chicot  County  were  inundated  by  these 
breaks.  This  section  of  country,  with  Carrol  Parish,  La.;  is  the  greatest  cotton-pro- 
ducing region  of  the  world.  The  annual  production  is  175,000  bales,  worth  $9,000,000. 
The  average  yield  is  400  pounds  of  best  cotton  to  the  acre.  The  Pecan  Grove  break 
rapidly  widened  to  nearly  a  mile,  and  there  was  some  loss  of  life  and  great  loss  of 
stock. 
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The  first  break  on  tbe  esuit  bank  was  on  March  18,  at  OfTiitt's  Landing,  Bolivar 
Connty,  Miss.,  1(5  miles  north  of  Greenville.  Another  lireak,  due  to  the  great  storm 
of  Mafeh  iiS,  occnrred  at  Eastun,  12  miles  above  Offntt's  Landing.  This  inundated 
the  lower  end  of  Bolivar  County  and  the  northern  end  of  Washiogton  Connty. 

March  14  a  break  due  to  a  defective  rice-flnme  occnrred  at  the  Nita  sugar  planta- 
tion, St.  James  Parish,  6*2  miles  above  New  Orleans  and  3  miles  above  Convent. 
This  was  very  disastrous  to  a  number  of  fine  sugar  estates  which  produce  annually 
3,000  hogsheads  of  sugar  and  20,000  barrels  of  rice.  The  water  fiowed  through  this 
break  with  a  velocity  of  7  miles  an  hour.  On  the  31st  it  was  estimated  it  carried  off 
one- thirteenth  of  the  whole  volume  of  the  Mississippi  River,  thereby  relieving  the 
pressure  on  the  levees  below,  causing  a  slight  fall  in  the  river  at  New  Orleans.  This 
particular  break  was  a  relief  to  the  river  below,  as  the  water  from  it  flowed  into  the 
Gulf  throngh  Lake  Pontchartrain.  Breaks  at  places  further  up  the  river,  where  tbe 
crevasse  water  is  bound  to  return  to  the  river  lower  down,  are  no  relief  except  to  the 
country  in  immediate  vicinity  of  break,  on  the  o]>posite  bank  of  river,  which  is  not 
lloo<led  by  the  breaks.  These  breaks  cause  excessive  stages  of  water  lower  down  the 
river,  which  is  vpry  apt  to  go  over  the  levees.  As  a  rule  the  average  stage  of  water 
will  be  less  along  the  river  the  more  tbe  water  stays  within  the  levees.  In  the  deep 
channel  the  water  moves  svpiftly  and  the  levees  promote  the  rapid  transfer  of  the 
fiood-water  to  the  Gulf. 

The  water  coming  out  of  the  Yazoo  Basin  at  Vicksbnrg  from  the  breaks  at  Catfish 
Point,  Austin,  and  Olfutt's  Landing  caused  great  anxiety  for  the  levees  opposite. 
The  disaster  which  would  come  with  a  further  rise  of  the  water,  already  within  half 
a  foot  of  the  top  of  the  levees,  was  provided  for  by  placing  along  the  tops  of  the 
levees  a  double  row  of  bags  filled  with  earth. 

Laconia  Circle  wa«  overtlowed  March  215.  This  is  a  circle  of  levees,  18  miles  around, 
with  cotton  plantations  on  the  inside.  The  destruction  of  property  was  complete.  At 
places  below  the  mouth  of  the  White  River  the  water  rose  2  feet  higher  than  ever 
itefore,  and  the  White  River  country  was  flooded  as  it  had  never  been  flooded  before. 
The  Arkansas  and  other  streams  were  in  a  state  of  extraordinary  freshet,  due  to  the 
unprecedented  local  rainfall. 

The  first  break  to  occur  in  the  Upper  Yazoo  Basin  was  on  March  30,  at  Austin,  Miss., 
38  miles  below  Memphis.  A  number  of  fine  cotton  plantations  in  the  vicinity  of 
Austin  and  Tunica  and  in  the  northern  part  of  Coahoma  Connty  were  submerged. 
Tbe  annual  production  of  cotton  in  this  district  is  20,000  bales. 

On  March  31  the  protection  levee  in  rear  of  Greenville,  Miss.,  gave  way  and  the 
town  and  vicinity  was  flooded,  causing  damage  and  distress,  which  was  added  to  by 
the  continuously  falling  rain. 

The  worst  break  on  the  east  side  of  the  river  occnrred  at  Catfish  Point,  55  miles 
above  Greenville,  on  April  4.  A  tremendous  volume  of  water  swept  everything  be- 
fore it. 

In  Louisiana,  from  the  Arkansas  State  line  to  the  Gulf,  the  conn  try  on  west  side 
of  river  was  flooded  throughout  an  average  width  of  40  miles.  The  flooding  on  the 
north  •ide  of  river  extended  from  Martinez  Crevasse,  about  75  miles  above  New 
Orleans,  down  to  the  Gulf.  The  area  flooded  north  of  the  river  was  about  1,500 
square  miles.  The  total  of  the  flooded  area  in  the  State  of  Louisiana,  as  measured 
with  a  planimeter  on  the  map  herewith,  is  11,000  square  miles. 

The  following  are  all  the  crevasses  that  occurred.  The  first  list  gives  those  in 
Arkansas  and  Mississippi.  Their  location  is  shown  on  the  map.  The  second  list 
gives  those  in  Louisiana. 

CREVASSES  IN  STATES  OF  ARKANSAS  AND  MISSISSIPPI. 

Eight  miles  above  Arkansas  City ;  levee  broke  March  9. 

Sappingtoii  Hook,  0  miles  above  Arkansas  City ;  levee  broke  March  10  ;  40  feet 

wide. 
Mayersville,  66  miles  above  Vicksbnrg ;  levee  broke  March  13. 
Luna,  Ark.,  30  miles  below  Arkansas  City ;  broke  7  a.  m.  March  18 ;  400  feet 

wide. 
Offutt's  Lauding,  16  miles  north  of  Greenville,  Miss. ;  levee  broke  March  18 ;  be- 
came 600  feet  wide.    Gauge  at  Greenville  read  43.45  on  March  17 ;  it  fell  0.3 

of  a  foot  by  the  20th. 
One  and  five-tenths  miles  above  Arkansas  City ;  levee  broke  March  25 ;  break  150 

feet  wide.    Arkansas  City  gauge  read  49.22  on  26th,  and  fell  0.4  of  a  foot  in 

three  days. 
Skipwith,  or  Duncansby,  Issaquena  Connty,  Miss.,  69  miles  above  Vicksbnrg; 

levee  broke  at  1  a.  m.  March  26 ;  600  feet  wide. 
Laconia,  65  miles  above  Arkansas  City  ;  levee  broke  March  26. 
Huntington,  Miss. ;  levee  broke  March  28;  2.50  feet  wide. 
Columbia,  Ark.,  31  miles  below  Arkansas  (Jity ;  levee  broke  March  28;  300  feet 

wide. 
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Easton,  Miss.,  4  miles  above  ArkoxuaB  City ;  levee  broke  Maroh  28 ;  300  feet  wide. 
Aastin,  Miss.,  58  miles  below  Memphis;  levee  broke  Maroh  30. 
Catfish  Point,  55  miles  above  Greenville;  levee  broke  April  4 ;  1,500  feet  wide. 
Vidalia,  Miss.,  half  a  mile  below  Natchez;  levee  broke  April  22;  150  feet  wide. 

GREVABSBS  IN  LOUISIANA  ON  THE  MISSISSIPPI  RIVSR. 

Pecan  Grove,  or  Raleigh,  East  Carroll  Parish,  March  15 ;  width,  4,400  feet ;  oansed 

by  sloughing. 
Lake  Concordia,  Concordia  Parish,  April  22;  width,  837  feet;  depth,  13.35  feet; 

cansed  by  sloughing. 
Arnauldia,  Concor£a Parish,  April  23;  width,  455  feet;  depth,  2.42  feet;  cansed 

by  wave  wash. 
Henderson  Ashley,  Concordia  Parish,  April  23;  width,  873  feet;  d^»th,  7.77  feet: 

caused  by  w^|ter  running  over. 
Raccourci,  Pointe  Coupee  Parish,  April  23;  width,  380  feet;  depth,  3.30  feet; 

cansed  by  Blouj2;hing ;  closed  May  28. 
Upper  Morganza,  Pointe  Coupee Paxiah,  April  21 ;  width,  790  feet ;  depth,  6  feet; 

caused  by  7:**.ye  wash. 
New  Morganza,  Pointe  Coupee  Pariah,  April  22 ;  width,  2,543  feet ;  depth,  13.12 

feet ;  caused  by  wave  wash. 
Snead,  Pointe  Coupee  Parish,  April  21 ;  width,  147  feet;  depth,  3.56  feet;  oaosed 

by  wave  wash. 
Lanaux,  Pointe  Coupee  Parish,  April  21 ;  width,  151  feet;  depth,  3  feet;  cansed 

by  wave  wash. 
Fannie  Riche,  Pointe  Coupee  Parish,  April  21 ;  width,  845  feet ;  depth,  7.37  liset; 

caused  by  sloughing. 
Preston,  Pointe  Coupee  Parish,  April  21 ;  width,  213  feet ;  depth,  4.60  feet ;  caused 

bv  wave  wash  *  closed  2f  av  17 
Taylor  No.  1,  Pointe  Coupee  Parish,  April  20;  width,  203  feet;  depth,  3.40  feet; 

caused  by  wave  wash ;  closed  May  11.* 
Taylor  No.  2,  Pointe  Coupee  Parish,  April  20;  width,  51  feet;  depth,  3.70  feet; 

caused  by  wave  wash ;  closed  May  11. 
Point  Manoir,  West  Baton  Rouse  Parish,  April  30 ;  width,  571  feet ;  depth,  2.82 

feet;  caused  by  leak;  closed  May  17. 
Lobdell,  West  Baton  Rouge  Parish,  April  22;  width,  1,981  feet;  depth,  7.22  feet; 

caused  by  sloughing. 
Martinez,  East  Baton  Rouge  Parish,  April  22 ;  width,  124  feet ;  depth,  19.70  feet ; 

caused  by  rice  flume;  closed  April  28. 
Nita,  St.  James  Parish,  March  14;  width,  2,892  feet;  depth,  15  feet;  caused  by 

rice  flume. 
Live  Oak.  Plaquemines  Parish,  March  20;  width,  116  feet;  depth,  6.50  feot; 

caused  by  leak ;  closed  April  10. 
Myrtle  Grove  No.  1,  Plaquemines  Parish,  March  21 ;  width,  540  feet;  deplii,  5.50 

feet ;  caused  by  wave  wash  and  sloughing. 
Myrtle  Grove  No.  2,  Plaquemines  Parish,  Maroh  21 ;  width,  295  feet;  depth,  3.50 

feet ;  caused  by  leak. 
Average  of  ten  breaks  at  St.  Sophie,  Plaquemines  Parish,  Febmazy,  March,  and 

April;  width,  45  feet;  depth,  7  feet;  caused  by  wave  wash  and  lei^s;  all 

closed  within  six  days  after  crevasses  occurred. 
Average  of  three  breaks  at  Harlem.  Plaquemines  Parish,  May;  width,  25  leet; 

caused  by  rice  flume  and  crawfish ;  all  closed  not  later  than  one  day  after 

break. 
Rioeland,  Plaquemines  Parish,  April  19;  width,  60  fidet;  cansed  by  ware  waah; 

dosed  April  25. 

GBBVASSXS  IN  LOUISIANA  ON  TBK  ATCBA7AIATA. 

Ferguson's,  Pointe  Coupee  Parish,  April  22 ;  width,  133  feet ;  depth,  6  feet ;  caused 

by  crawfish. 
Barbres,  Pointe  Coupee  Parish,  April  21 ;  width,  212  feet ;  depth,  8.50  feet ;  oansed 

by  crawfish. 
Harraanson,  Avoyelles  Parish,  April  8;  width,  300  feet;  caused  by  slonghing. 
Norwood,  Avoyelles  Parish,  April  8 ;  width,  150  feet ;  caused  by  crawfish. 
Yellow  Bayou  Dike,  Avoyelles  Parish,  April  8;  width,  200  feet;  caused  by  wave 

wash. 
Mrs.  Caseu's,  Avoyelles  Parish,  April  15 ;  width,  300  feet ;  caused  by  wave  wash. 
Gordon's,  St.  Landry  Parish,  April  18 ;  width,  400  feet ;  caused  by  wave  wash. 
Benton's,  St.  Landry  Parish,  April  22;  width,  1,500  feet;  caused  by  wave  wadi. 
Churchville,  St.  Landry  Parish,  April  22 ;  width,  500  feet ;  caused  by  wave  wash. 
Bayou  Maringouiu,  Pointe  Coupee  Parish,  April  15;  width,  550  feet;  caused  by 

leak  under  levee. 


KEPORT   OF   THE    CHIEF   SIGNAL   OFFICER.  193 

GRRVAS8E8  IX  LOUISIANA  ON  BAYOU  LA  FOUKCHE. 

Pattenville,  AoBumptiou  Paridh,  March  4;  width,  100 feet;  oansedbyTice  fltime; 

closed  March  21. 
Leffcwich,  Assamption  Parish,  February  22;  width,  80  feet;  caused  by  a  weak 

levee ;  closed  March  6. 
St.  Mary-Panola,  La  Fourche  Parish,  March  8 ;  width  150  feet ;  caused  by  crawfish. 

CBEVASSKS  IN  LOUISIANA  ON  THE  KED  RIVER. 

Pandora,  Bossier  Parish.  May  7 ;  width,  r),000  feet;  caused  by  wave  wash. 
Upper  Chalk  Levee,  Bossier  Parish,  May  7;  width,  SOO  feet;  caused  by  wave 

wash. 
Sunflower,  Bossier  Parish,  May  7 ;  width.  1,800  feet;  cause(^.  by  wave  wash. 
Levy,  Caddo  Parish,  May  7 ;  width,  1.50  feet ;  caused  by  caving  in  of  bank. 
Staten  Point,  Caddo  Parish,  May  7 ;  width,  2,000  feet;  caused  by  wave  wash. 
Bayou  Rapides,  Rapides  Parish,  May  17 ;  caused  bv  culvert. 
Grand  Bend,  Rapides  Parish,  May  18 ;  width,  200  feet ;  caused  by  muskrats. 
Stafford's,  Rapides  Parish;  width,  300  feet;  caused  by  wave  wash. 
Echo  Landinjir,  Avoyelles  Parish ;  width,  300  feet;  caused  by  wave  wash. 

''In  Plaquemines  Parish  there  were  three  breaks  at  Corinne, averaging  about  25 
feet  in  width,  one  at  Bertrandville  15  feet  wide,  one  at  Woodland  10  feet  wide,  two 
at  Thibant's  averaging  12  feet  wide,  two  at  Empire  Mills  averaf^ing  15  feet,  three  at 
Bohemia  averaging  20  feet,  and  one  at  New  Texas  Landing  30  feot  wide. 

'*  These  crevasses  were  tne  result  of  small  and  weak  levees,  badly  cut  by  crawfish, 
and  in  some  instances  of  wave  wash.  They  were  minor  afiairs,  however,  and  were 
all  closed  almost  as  soon  as  they  occurred,  none  of  them  running  longer  than  one  day. 

Bayou  dea  Olaizea. — Between  the  mouth  of  this  bayou,  at  Simmsport,  on  the  Atcha- 
falaya  River,  and  Hamburg  there  were  uo  less  than  thirty-two  crevasses.  The  line 
of  levee  here  is  indifferent  and  received  but  little  enlargement;  daring  the  flood. 
The  crevasses  were  of  various  lengths  and  of  very  slight  depths,  many  of  them  not 
more  than  0.4  of  a  foot  deep.  At  certain  points  the  bank  of  the  bayou  is  high  and 
there  are  no  leveea  By  reason  of  the  deep  bends  in  the  bayou  and  the  water  flowing 
across  the  points  about  as  many  of  the  crevasses  were  inlets  to  the  bayou  as  werie 
outlets. 

"  The  Times-Democrat  furnished  its  readers  on  September  1,  1890,  in  addition  to 
the  above  list  of  crevasses,  with  an  accurate  map,  compiled  from  the  Uuited  States 
surveys.  On  the  map  is  indicated  the  overflow  in  Louisiana  in  1890  and  the  position 
of  the  crevasses  given  above. 

''The  map  commences  At  the  Arkansas  State  line  and  extends  to  the  Gulf  of  Mex- 
ico. It  also  extends  west  of  the  Mississippi  River  as  far  as  the  hill  ])arishes  or  the 
termination  of  the  alluvial  country.  A  portion  of  Upper  Red  River  bordered  by  a 
narrow  belt  of  alluvial  or  bottom  lauds  is  not  shown  for  want  of  space.  Where  the 
overflow  existed  the  limits  of  the  water  are  shown  by  shading  or  parallel  lines. 
It  must  be  borne  in  mind  that  the  small  scale  on  which  the  map  is  drawn  precludes 
the  possibility  of  showing  some  particular  but  small  ridge  or  section  of  country  as 
not  overflowed  that  stood  a  foot  or  so  above  the  water.  Many  such  spots  or  places 
existed  in  the  heart  of  an  overflowed  section,  and  yet  it  must  not  be  concluded  that 
the  shading  was  put  on  abreast  of  the  canvas  or  in  such  position  as  it  would  be  safe 
to  assume  there  was  overflow.  A  small  sketch  of  each  parish  was  sent  to  the  presi- 
dent of  the  police  jury  of  the  respective  parishes  in  the  overflowed  country  with  the 
request  to  note  thereon  the  overflow,  which  was  done  and  the  matter  returned.  Cap- 
tain Kingman  endeavored  to  collect  a  complete  history  of  the  flood  and  sent  a  man 
through  the  overflowed  district  determining  the  limits  of  the  water. 

"  It  is  from  such  data  and  also  that  collected  from  interested  persons  living  in  many 
localities  that  the  map  is  compiled.  It  was  carefully  arranged,  and  no  more  accurate 
map  could  be  made  unless  many  thousands  of  dollars  were  expended  in  the  collection 
of  actual  survey  data. 

"All  of  the  important  crevasses  that  occurred  on  the  Mississippi  River  are  prop- 
erly located  and  prominently  registered  on  the  map.  Those  that  occnrred  on  Red 
River,  Bayou  des  Glaizes,  Atchafalaya  River,  and  Bayou  La  Fonrche,  with  few  excep- 
tions, were  small  (dimensions  stated  above),  and  not  put  down  on  the  map. 

"It  must  be  remembered  that  the  large  crevasses  in  Arkansas  filled  some  of  the 
basins  or  water  courses  so  fnll  as  to  cause  them  to  overflow,  which  accounts  for  the 
large  amount  of  water  at  the  Arkansas-Louisiana  State  line. 

''A  glance  at  the  map  and  a  moment's  review  of  the  tabulated  statements  of  cre- 
vasses will  show  from  what  source  a  parish  or  locality  derived  its  overflow  waters. 

"  When  it  is  considered  that  this  flood  lasted  many  weeks,  was  the  highest  ever 
known,  was  as  much  as  2  feet  higher  than  the  flood  of  1882  at  many  points  on  the 
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river,  and  the  small  loss  of  levee  h  considered,  it  presents  a  most  favorable  argument 
for  the  levee  system,  and  the  showliij^  is  more  tUau  cretlitable  to  our  then  present  line 
of  levees.  For  mile  afr>er  mile,  ooverin<2(  a  distance  of  more  than  450  raili^  on  the  west 
bank  and  more  than  175  miles  on  tlie  east  bank,  the  water  was  withheld  by  a  line  of 
sacks  filled  with  earth  and  dirt,  the  one  or  the  other  or  both,  distributed  in  the  form 
of  a  narrow  little  ridge  along  the  crown  of  the  levee.  This  had  to  be  maint-ained 
night  and  day  and  during  all  kinds  of  weachor.  lu  spite  of  all  this,  out  of  a  touil 
distance  of  more  than  650  miles  of  levee  on  the  Mississippi  River,  only  3.73  miles  of 
levee  were  washed  awa.v. 

''On  the  other  screams  tbe  levee  systems,  if  such  they  can  be  called,  are  so  imper- 
feet  that  but  little  note  can  be  made  of  the  2.4  L  miles  of  levee  destroyed  on  the  Red 
River  and  2.46  miles  of  combined  loss  on  the  Hayou  des  Glaizes,  Atohafalaya  River, 
and  Bayon  LaFonrohe.  On  these  streams  at  many  points,  as  is  shown  in  the  state- 
mebt  of  crevasses,  the  levees,  where  there  were  levees,  were  of  insufficient  height  and 
received  but  little  enlargement  to  oppose  the  rising  flood.  Tbe  water  ran  over  them 
!n  many  places  only  a  few  inches  deep.  The  distance  where  the  water  so  ran  ovor  is 
included  in  the  mileage  of  crevasses  or  levee  destroyed.'' 

Nothing  as  yet  is  definitely  known  as  to  the  areas  of  country  flooded  in  the  St. 
Francis  and  Yazoo  Basins.  In  the  former  possibly  3,000  square  miles  was  covered 
with  water,  and  in  the  latter  probably  almost  the  whole  of  the  area  of  the  basin  in 
the  State  of  Mississippi,  which  is  6,64o  square  miles.  Of  the  Tensas  Basin,  about  480 
square  miles  in  tbe  Sate  of  Arkansas  was  covered  with  water. 

When  it  became  evident,  from  the  great  rainfalls  and  high  stages  of  water  in  the 
upper  rivers,  that  a  flood  in  the  Lower  Mississippi  River  was  impending,  the  follow- 
ing special  bulletin  was  issued  March  1  from  the  Washington  City  Signal  Office, 
which  was  in  the  main  borne  out  by  the  subsequent  stages  ot  water.  The  predicted 
stage  a  week  in  advance  for  Cairo  was  51.5  feet,  and  it  reached  48.8  on  Maron  12.  On 
March  1  a  stage  of  water  of  49  feet  was  predicted  for  March  14  at  Vicksburg.  On 
March  15  it  reached  48,  and  probably  would  have  gone  higher  had  it  not  been  for  the 
break  in  the  levee  that  occurred  about  that  time. 

SPBGIAL  BIVEB  BULLBTIX. 

Washington,  D.  C,  March  1, 1890. 

Observers  Cairo,  Memphis,  Vicksburg,  and  New  Orleans,  give  the  following  to  local 
press  and  notify  river  men : 

It  is  estimated  that  the  Ohio  River  at  Cairo  will  rise  9  feet  between  the  present 
date,  March  1  and  March  7,  making  the  stage  of  the  water  on  the  latter  date  at  that 
place  about  51.5  feet.  The  stage  of  water  at  Cairo  to-day  is  42.2  feet,  and  has  risen 
b  feet  in  the  past  five  days. 

This  stage  of  water,  if  it  occurs,  as  seems  highly  probable,  will  nearly  equal  some 
of  the  highest  stages  of  water  that  have  ever  occurred  at  Cairo,  namelv,  the  siage 
of  51.9  feet  on  February  26,  1882 ;  52.2  feet  February  27,  1883 ;  51.8  feet  February  22, 
1884. 

This  forecast  is  based  on  the  recent  great  rises  in  the  rivers  of  the  Ohio  Valley. 
At  Cincinnati  the  stage  of  water,  which  is  at  its  highest  to-day,  is  57  feet,  and  has 
risen  15  feet  in  the  last  five  days.  At  Chattanooga  the  stage  of  water  is  40  feet,  and 
has  risen  30  feet  in  five  days.  At  Nashville  the  stage  of  water  is  47  feet,  and  has 
risen  34  feet  in  six  days.  At  Nashville  and  Chattanooga  there  may  be  some  slight 
rises  still  to  come.  The  stage  of  water  at  St.  Louis  is  8.5  feet,  and  has  been  Bta> 
tionary. 

The  high  water  of  February  28,  1882,  at  Cairo  was  preceded  by  a  59-foot  stage  at . 
Cincinnati  on  February  21,  a  15-foot  stage  at  Chattanooga,  38  feet  at  Nashville,  and 
28  feet  at  St.  Louis.     At  the  latter  place  there  was  a  rise  of  17  feet  in  the  few  days 
previous. 

The  high  water  of  February  27,  1883,  at  Cairo  was  preceded  by  a  66-foot  stage  at 
Cincinnati  on  February  15,  13  feet  at  Chattanooga,  41  feet  at  Nashville,  and  10  feet 
at  St.  Louis,  the  latter  place  having  a  rise  of  5  feet  the  few  days  previous. 

The  high  water  of  February  22,  1884,  at  Cairo  was  preceded  by  a  71-foot  stage  at 
Cincinnati  on  February  14,  31  feet  at  Chattanooga,  46  feet  at  Nashville,  and  14  feet 
at  St.  Louis. 

There  is  an  area  of  country  of  108,000  square  miles,  the  drainage  water  from  which 
passes  Cairo,  but  does  not  puss  St.  Louis,  Cincinnati,  Nashville,  or  Chattanooga. 

The  empirical  rule  by  which  the  rise  of  9  feet  at  Cairo  is  computed  is  based  on  the 
principal  rises  that  have  occurred  in  the  past  seventeen  years.  This  rule  is  not  apt 
to  be  in  error  more  than  two  feet,  depending  on  the  greater  or  less  rainfall  in  the 
108,000- square-mile  area. 

The  water  ^oing  by  Cincinnati  drains  from  an  area  of  78,000  square  milea.  Tbe 
excessively  high  stages  of  water  at  Cincinnati  in  1883  and  1884  are  more  than  com- 
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pensated  for  this  year  by  the  greater  rainfall  in  the  coantry  below  CinciDiiati.  The 
rain&ll  the  past  week  in  area  above  Cincinnati,  Nashville,  and  Chattanooga  has 
been  about  5  cubic  miles.  For  the  wtiole  Ohio  Valley  it  hau  been  nearly  11  oubio 
miles  In  ld82y  for  the  whole  month  of  February,  it  was  abont  22  cubic  miles  for  the 
whole  Ohio  Valley. 

In  the  Vicksburg  drainage  area  below  Cairo  and  Little  Rock,  equal  to  71,000  square 
miles,  there  has  been  a  rainfall  of  3.5  cubic  miles  the  past  week. 

The  rainfalls  from  8  a.  m.  February  22  to  H.  a.  m.  March  1,  occurring  principally 
from  the  24th  to  the  27th,  have  been  6  inches  at  Knoxville,  4.4  at  Chattanooga,  5.2  at 
Nashville,  4.0  at  Memphis,  4.3  at  Cairo,  3.4  at  Columbus,  3.3  at  Indianapofis,  2.9  at 
Louisville,  2.7  at  Little  Rook,  2.0  at  VickMburg. 

At  Vicksburg  the  stage  of  the  river  to-day  is  46.3  feet  and  at  Little  Rook  19  feet. 
For  a  52-foot  stage  at  Cairo  February  2H,  lHd2,  and  ^  feet  at  Little  Rock,  the  subse- 
quent highest  water  at  Vicksburg,  March  20,  was  48.d  feet. 

For  a  52foot  stage  at  Cairo  Febrnary  22,  1884,  and  22  feet  at  Little  Rock,  the  sub- 
sequent highest  water  at  Vickslnirg,  March  25,  was  49  feet.  It  seems  likely,  there- 
fore, that  by  March  I4  the  river  at  Vicksburg  will  rise  to  a  height  of  49  feet  unless  by 
that  time  a  great  deal  of  water  has  run  into  the  St.  Francis  and  Yazoo  bottoms. 

These  predictions  are  subject  to  some  uncertainty  on  account  of  any  rainfall 
that  may  occur  before  Marcu  7.  Any  farther  rainfall  will  tend  to  make  the  water 
higher.  It  is  not  likely,  however,  that  there  will  be  any  considerable  rainfall  soon, 
as  the  temperature  throughout  the  country  is  very  low  and  apt  to  remain  so  for  sot- 
eral  days. 

Lack  of  rainfall  and  river  stations  renders  more  accurate  forecasts  impossible. 

•  Qreblt. 

The  number  of  lives  lost,  according  to  the  reports  received  from  Signal  Service  river 
observers,  was  thirty,  all  colored  people. 
The  damage  caused  b^  the  flood  it  is  impossible  to  even  roughly  estimate. 
On  March  12  and  April  2  other  special  bulletins,  as  follows,  were  issued : 

BFBCZAL  RIYBR  BXnJJBTIN, 

Washington,  D.  C,  Mmrch  12, 1890. 

Observers  Cairo,  Memphis,  Vicksburg,  and  New  Orleans  give  the  following  to  local 

press,  and  notify  river  men : 

The  stage  of  river  at  Cairo  to-day,  March  12,  is  46.8  feet.  The  water  has  risen  half 
a  foot  in  the  past  twenty-four  hours  and  one  foot  in  the  last  four  days.  The  condi- 
tions are  favorable  for  a  further  rise.  Within  the  next  five  days  the  river  will  ap- 
proximate the  highest  known  water,  52.2  feet. 

At  Cincinnati,  in  the  twenty-four  hours  past,  there  has  been  a  rise  of  7  feet;  at  St. 
Louis,  1  foot.    There  has  been  a  fall  of  8  feet  at  Chattano^>ga,  and  1  foot  at  Nashville. 

The  rainfall  in  the  past  four  days  has  been  3.2  inches  at  LoniSTille  and  Fort  Smith, 
2.4  at  Indianapolis  and  Cairo,  about  1.5  at  Little  Rock^  Memphis.  Vicksburg,  Shreve- 
port,  Cincinnati,  and  Columbus,  and  1  inch  at  St.  Louis  and  NasliTille. 

The  quantity  of  rain  that  has  fallen  in  the  drainage  area  of  the  Ohio  River  in  the 
past  four  days  is  estimated  to  be  4.5  cubic  miles.  Three  cubic  miles  of  this  has  fallen 
m  the  area  below  Cincinnati,  Chattanooga,  and  Nashville. 

At  Vicksburg  the  stage  of  river  is  47.4  feet.  It  has  risen  0.4  of  a  foot  in  the  past 
twent^r-fonr  hours.  It  will  probably  risa  to  49  feet.  There  has  been  an  extensive 
break  in  the  main  levee  at  Aisatia,  39  miles  above  Vicksburg,  on  the  west  bank  of 
the  river. 

The  Arkansas  at  Little  Rock  has  risen  6.5  feet  in  the  past  twenty-four  hours. 

The  rainfall  in  the  Vicksburg  drainage  area  below  Cairo  in  the  past  four  days  has 
been  2  cubic  miles. 

The  present  prospects  are -that  the  stage  of  the  river  from  Cairo  to  Vicksburg  and 
below  wiU  be  one  of  the  highest  kAown.  Without  desirinc  to  create  general  alarm 
in  the  Talley  of  the  Lower  Mississippi,  yet  it  would  seem  that  the  coming  stage  of 
water  warrants  the  advisability  of  timely  removal  of  stock  and  such  other  property 
as  would  be  destroyed  by  an  extreme  flood. 

Owing  to  the  lacK  of  a  larger  number  of  rainfall  stations  from  which  to  accurately 
deduce  the  entire  amount  ofrainfall,  the  Signal  Office  is  unable  to  give  more  definite 
information  as  to  the  extreme  height  to  be  reached  or  the  date  on  which  it  will 
occur. 

Grbxly. 


196  BEPOBT   OF   THE   CHIEF   SIGNAL   OFFICER. 

SPfiCIAL  RIYER  BULLKTUf. 

Washington  City,  April  2, 1890. 

The  Chief  Signal  Officer  gives  out  the  following  regarding  the  Missiitaippi  flood: 

The  Ohio  reaches  its  highest  point  to-day,  April  2«  at  Cairo,  where  the  gange  reads 
4d.6  feet.  The  river  has  there  risen  2  fr^t  in  eight  days,  and  will  now  slowly  fall. 
The  Tennessee,  Cumberland,  and  Upper  Mis8i8sip|)i  Rivers  are  falling  rapidly,  despite 
the  fact  that  nearly  4  cubic  miles  of  water  have  fallen  in  the  past  week  in  their  catch 
ment  basins. 

The  rainfall  in  the  past  three  days  in  the  Vicksbnrg  drainage  area  below  Little 
Rock  and  Cairo  is  equal. to  2  cubic  miles  of  water,  which  is  causing  a  rise  in  the 
Arkansas  River,  and  of  the  Mississippi  from  Memphis  to  Vicksbuig,  inolusive^xcept 
slight  falls  at  Helena,  owing  to  the  diminution  of  the  backwater  from  the  St.  Francis 
bott>om,  and  at  Greenville,  where  serious  crevasses  have  lately  occurred. 

The  report  sent  out  from  New  Orleans  that  the  river  has  fallen  11  inches  is  incor- 
rect, a  rise  of  1  inch  having  occurred  since  yesterday.  The  water  now  in  sight  below 
Cairo  would  cause  a  rise  of  1  foot  or  more  at  Vicksburg  by  Monday,  April  7,  if  the 
levees  were  standing,  but  the  numerous  crevasses  must  retard  the  crest  of  the  flood 
wave  and  prolong  its  duration  at  a  stage  slightly  higher  than  at  present.  Below 
Vicksburg  the  rise  will  be  proportionately  less,  according  to  distance ;  at  New  Or- 
leans this  rise  can  scarcely  exceed  a  few  tenths  of  a  foot,  and  will  not  equal  the  high 
water  already  past. 

Considerable  rain  will  fall  to-day  in  the  Lower  Ohio,  the  Ai'lEansas,  the  Red  River, 
and  Lower  Missouri  Valleys,  and  from  St.  Louis  to  Red  River  Landing ;  this  rainfall, 
while  tending  to  prolong  the  present  flood  conditions,  will  not  materially  aggravate 
the  conditions  as  forecast  above* 

Grbkly 


-.1 . 


APPENDIX  7. 

REPORT  OF  THE  OFFICER  IN  CHARGE  OF  THE  STATIONS  DIVISION. 

Signal  Office,  War  Departmrnt, 

WaahingtoH  Citif,  June  :iO,  1890. 

Sir  :  I  have  the  honor  to  submit  the  regnlar  annual  report|  relative  to  the  stations 
division,  for  thu  fiscal  year  ending  this  date. 

pbrsonxel. 

The  present  incnmbent  baa  remained  as  officer  In  oharge,  except  dnring  the  montb 
of  Jnly.  lSti9f  when,  during  his  absence  with  leave,  Second  Lient.  Frank  Greene, 
Signal  Corps,  signal  officer,  performed  the  duties. 

The  clerical  force  at  tbis  office,  which  at  the  close  of  the  past  year  numbered  fif- 
teen, has  been  subseq^uently  further  rednced,  and  now  oonsisto  of  fourteen,  although 
the  work  of  the  division  has  materially  increased  in  certain  respects.  This  decrease 
has  resulted  from  the  systematized  methods  of  transacting  business,  wbicb  render 
the  present  force  sufficient  for  the  ordinary  work  of  the  division.  Most  of  the  eui* 
ploy^  bave,  from  practical  experience  in  station  duties  and  subsequent  training  at 
this  office,  become  expert,  not  only  in  their  respective  duties,  but  in  the  general 
work  of  the  division.  Their  value,  therefore,  both  to  the  division  and  to  the  service, 
has  proportionately  increased.  Their  proficiency  may  be  judged  from  the  average 
grading  obtained  by  seven  clerks  who  were  examined  on  May  3  and  12  by  the  United 
States  Civil  Service  Commission.  Their  gt'neral  average  on  the  scale  of  100  was 
92.08,  the  range  extending  from  94.48  to  89.35.  These  results  are  exceedingly  credit* 
able,  and  will,  it  is  believed,  compare  favorably  not  only  with  those  obtained  under 
similar  circumfitances  in  the  other  divisions  of  the  office,  but  will,  if  an  approximate 
standing  be  obtained  in  the  latter,  further  serve  to  establish  the  fact  that  the  em- 
ployes of  this  office  need  fear  no  comparison  in  qualifications  with  the  employes  in 
other  Bureaus  and  Departments  of  the  Government. 

As  the  duties  of  the  division,  as  a  rule,  require  not  only  special  adaptability,  but 
also  experience  and  instruction,  it  would  obviously  be  of  advantage  to  make  as  few 
changes  in  the  personnel  as  practicable. 

The  reffular  station  force,  oomprising  enlisted  men  on  duty  at  the  respective  sta- 
tions of  toe  service  outside  of  Washingtou  City,  consists  at  the  close  of  the  year  of 
298  men,  graded  as  follows:  122  sergeants,  16  corporals,  116  first-class  privates,  and 
44  second-class  privates. 

Their  general  conduct  bas  been  excellent  throughout  the  year.  The  former  high 
standard  has  in  this  respect  not  only,  it  is  believed,  been  maintained,  but  the  addi- 
tional latitudes  permitted  in  connection  with  local  duties  and  the  responsibilities 
imposed,  in  further  pursuance  of  the  progressive  policy  of  the  present  Chief  Signal 
Officer,  have  brought  the  employ^  into  greater  local  prominence  and  importance, 
elevated  both  the  office  and  the  official  to  a  bigher  plane  in  public  estimation,  tended 
to  increase  the  self-respect  of  the  employ^,  and  also  made  them  more  guarded  in 
their  general  condnct;  in  consequence,  the  gross  raiscondncts  aod  scandals  arising 
from  dmnkenness  and  kindred  vices  have  been  rednced  to  a  minimum,  and  the  sum- 
mary punishment  which  is  now  sure  to  follow  such  offenses  and  grave  derelictions  in 
general  (discharge  from  the  service),  has  soon  relieved  the  corps  of  the  very  few  dis- 
creditable men  that  have  been  found  in  its  ranks.  The  marked  care  that  bos  been 
exercised  in  the  selection  of  recruits,  both  mentally  and  physically,  has  also  inured 
to  further  raise  the  standard  of  the  personnel,  and  the  entire  force  now  consists  of  a 
superior  class  of  men,  creditable  to  the  service  and  thd  country. 

The  want  of  a  school  for  instruction  and  training  has  been* frequently  felt  dnring 
the  year,  and  more  especially  in  the  last  mouth,  when,  owin^  to  the  nnusual  number 
of  discharges,  slight  embarrassments  occurred  in  arrangi^,;;  for  instructed  men  to  fill 
positions  requiring  experience  and  training.  Observers,  too,  especially  those  stationed 
in  the  larger  cities,  where  there  are  recruiting  rendezvous,  have  had  their  duties  ma- 
terially increased  by  the  examination,  presentation  for  enlistment|  and  subsequent 
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instruotion  of  reornits ;  bat  sncb  action  was  nnavoidable,  and  the  only  reconne  <ypen 
to  the  serrice  ander  the  ciroamstancee. 

The  inflaence  of  Congremuien,  prominent  pnblic  oflSoials,  and  private  parties  has 
been  nfied  to  a  considerable  extent  by  certain  employes  of  the  service,  with  a  view  to 
obtaining  special  favors  in  changes  of  station,  special  assignments,  etc.,  and  surgeons' 
certificates,  based  frequently  upon  slight  ailments,  have  been  made  the  pretei:ts  hy 
others  for  special  consideration.  The  carefnl  examination  mndo  of  the  respective 
oases  and  attendant  circnmst-ances,  and  the  marked  discouragement  that  has  been 
given  nndeserving  applicants,  have  served  to  check  these  teudenciet*,  though  they 
still  obtain  to  a  limited  extent.  The  unsettled  condition  of  the  service,  owio^  to 
pending  legislation,  has  also  affected  the  personnel,  rendering  the  observers  anxious 
about  the  future  and  causing  many  to  seek  fur  in^uenoe  rather  than  good  deeds  as 
an  aid,  if  necessary,  to  fnture  preferment. 

The  more  courteous  and  equable  treatment  inaugurated  by  the  present  Chief  Signal 
Officer  has  obtained  during  the  year,  to  the  general  satisfaction  of  the  employ^ 

Dunsa. 

The  duties  of  the  division  bave  been  so  fully  discussed  in  preceding  reports,  and 
their  general  character  so  little  changed,  that  it  is  not  considered  necessary  to  enter 
into  a  lengthened  description.  As  heretofore  they  have  embraced  (except  as  regards 
station  supplies,  property  and  instruments,  which  pertain  to  the  jnrisdictions  of  the 
disbursing  officer  and  instrnniental  official,  respectively),  the  general  administration 
of  the  stations  of  the  service  and  of  the  employes  and  their  work.  This  comprises  the 
following  details,  under  methods  approved  by  the  Chief  Signal  OiTicer :  The  arrange- 
ment for  and  proper  performance  of  the  meteorological  and  other  duties  devolving 
npon  all  classes  of  Signal  Service  stations,  except  State  weather  service  and  special 
river  stations,  iu  charge  of  paid  civilian  observers,  which  pertain  to  the  province  of 
other  divisions  of  the  office.  The  assignment,  management  and  instruction  of  the 
enlisted  force  of  the  Signal  Corps,  and  of  the  paid  civilian  observers,  except  at  the 
stations  above  mentioned.  The  establishment,  removal  and  discontinuance  of  sta* 
tions,  provisions  for  their  inspection,  and  the  preparation  of  routes  for  iuHpectors. 
Making  recommendations  for  the  guidance  of  the  disbursing  officer  in  equipping  sta- 
tions with  supplies,  furniture,  etc.  The  exercise  of  a  general  supervision  and  control 
over  the  modes  of  disseminating  weather  data  in  public  interests,  and  the  submission 
and  execution  of  general  improvements  in  the  interests  of  the  service. 

The  clerical  labor  incidental  has  been  exceedingly  large,  and  is  steadily  increasing ; 
but  it  has  been  handled  promptly,  communications  to  the  office,  as  a  rule,  having 
been  acted  on  and  replied  to  npon  the  same  day  they  reached  the  division.  Considei^ 
able  time  and  attention  have  been  given  during  the  year  to  station  methods,  which 
has  resulted,  in  numerous  instances,  in  the  snbstitntion  of  simpler  and  more  economic 
modes  and  devices,  better  adapted  to  the  respective  requirements.  The  value  of  the 
service,  as  in  lormer  yearsL  has  gradually  been  accorded  increased  recognition,  and  its 
utility  applied  and  tested  m  new  directions.  The  wider  field  has  demanded  increased 
energy  and  action  to  meet  the  new  necessities  aiisiog,  and  has  entailed  extra  labor 
and  responsibility,  not  only  at  the  respective  stations,  but  also  to  a  considerable  ex- 
tent at  this  office  in  arranging  and  devising  means  and  carrying  them  into  operation. 
The  firequent  exigencies  that  have  arisen  at  stations,  affecting  either  the  personnel 
or  duties,  have  often  demanded  prompt  action,  and  afforded  opportunity  for  tests  of 

Indgment  and  discretion.    No  special  embarrassments  or  detriments  have,  it  is  be- 
ieved,  resulted  to  the  service  therefrom. 

Further  information  regarding  duties  will  be  found  under  subsequent  captions  in 
connection  with  details  of  station  work. 

9 

LIST  OF  UmTBD  8TATB8  SIO^TAL  8BRVIGV  STATIONS  (BY  STATES),  INCLaDIXQ  STATIONS 
OF  THB  FIRST,  8KCOND,  AND  THIRD  ORDBR  ;  RKPAIR  STATIONS,  DISPLAY  STATIONS, 
SPECIAL  RIVER  STATIONS,  SPECIAL  COTTON-REGION  STATIONS,  SPECIAL  RAINFALL 
STATIONS,  AND  STATE  WEATHER  SERVICE  STATIONS. 

Stations  of  the  first  order  make  two  eye  observations  dailyi  and  also  record  continu- 
ously important  meteorological  phenomena,  such  as  wind  direction  ami  velocity,  pre- 
cipitation, temperature,  barometric  pressure,  etc.,  by  means  of  belf-registering  in- 
stmments. 

Stations  of  the  second  order  make  two  eye  observations  daily. 

Stations  of  the  third  order  make  one  eye  observation,  in  addition  to  other  special 
duties. 

Repair  stations  are  on  the  United  States  military  telegraph  lines,  and  note  rainfall 
daily. 

Special  display  stations  display  storm,  cautionary  and  wind-direction  signals  npon 
orders  received  either  directly  f^om  this  office  or  from  section  centers  (regular  Signal 
Service  stations). 
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The  special  river  stations  make  one  observation,  daily  of  th^  stage  of  water  in  the 
river^  md  suoh  additional  observations  as  may  be  required  during  floods  and  danger- 
ous r.ov:c». 

Special  cotton-region  stations  make  one  observation  daily,  from  May  1  to  Novem- 
ber 30  each  year,  and  telegraph  it  to  district  centers  (regular  Signal  Service  stations). 

Special  rainfall  stations  take  one  daily  observation  of  rainfall,  forward  a  monthly 
record  of  the  same  to  this  office,  and  report  by  telegraph  to  river  district  centers  in 
cane  of  very  heavy  rains. 

State  weather  service  stations  coSperate  with  the  varions  State  weather  services  in 
collecting  and  disseminating  meteorological  information  bearing  on  the  climatological 
conditions  of  the  State,  and  rdatiye  to  the  grpwth  of  its  staple  crops. 

f Stations  marked  thoa  (i),  indJoaie  "Also  State  weather-senrioa  station.'*  Thbae  marked  (s),  "Alao 
oocton-reeion  elation."  Thofte  marked  (s),  "Alao  apeoial  river  atation."  Those  marked  (j),  "Alno  dis- 
play wind  signals."  Those  marked  (t)  ace  atattona  that  are  maintained  only  during  the  anmmer  months.] 


States. 


Alabama 


Alaska  . 
Arizona 


Arkansas. 


Georgia 


Stations. 


California 

Colorada 

Conneotioat 

Delaware 

District  Columbia 
Florida 


Second  order 

Third  order 

Special  display 

Special  river 

Special  cotton-region .. 

Second  order 

Third  order 

Second  order 

Third  order 

Bepair 

Second  order 

Special  river 

Special  cotton-region .. 


First  order 

Second  order 

Third  order 

First  order 

Second  order 

Bepair 

Second  order 

Special  display 

Special  display 

Firstorder 

Second  order 

Third  order 

Special  display 

Special  cotton-region . . 

First  order 

Second  order 

Special  display 

Special  cotton-region .. 


Location. 


Mobile,  Montgomery. 

Auburn  (fc). 

Fort  Morgan. 

Decatur  (x). 

£iifaula,  Evergreen,  Fort  Deposit, 
Livingston,  Marion,  Opelika,  Pine 
Apple,  Selma.  Tuscumbia. 

Bethel,  Point  Barrow. 

Anvik. 

Fort  Grant,  Ynma. 

Fort  Apache,  Fort  Bowie,  Fort 
Thomas.  Fort  Verde,  Presoott,  San 
Carlos,  Willcox. 

Cooley's,  Holbrook. 

Fort  Smith,  Little  Book  (k). 

Arkansas  City,  Camden,  Dardanelle, 
Fulton,  Helena  («),  Newport  («). 

Brinkley,  Devall's  Bluff,  Forrest  City^ 
Malvern,  Monticello,  Pine  Bluff, 
Prescott,  Bussellville,  Texarkana. 

San  Diego,  San  Francisco. 

Eureka,  Fresno  City,  Keeler,  Los  An- 
IHeles,  Bed  Bluff,  Sacremento. 

Point  Beyes  Light. 

Denver. 

Colorado  Springs  (k),  Montrose,  Pa- 
eblo. 

Darango. 

New  Haven,  New  London. 

New  Haven  Light,  Stonington. 

Delaware  Breakwater. 

Washington  City. 

Jacksonville,  Pensacola.  Jupiter,  Key 
West,  Tampa,  Titnsville. 

Micco. 

Apalachicola,  Cedar  Keys,  Fern  au- 
di na,  Fort  George  Island,  Port 
Tampa. 

Live  Oak. 

Savannah. 

Atlanta,  Augusta. 

Brunswick,  Tybee  Island. 

Albany,  Allapaha,  Athens,  Bainbridge, 
Camak,  Cartersville,  Columbus, 
Eastman,  Fort  Gaines,  Gainesville, 
Griffin,  Jessup,  Macon,  Milieu,  New- 
nan,  Quitman,  Smith ville,  Thomas- 
ville,  Toccoa,  Union  Point,  Wash- 
ington, Way  Gross,  Waynesborough, 
West  Point. 
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States. 


Idaho  .. 
Iluuois 


Indiana 


Indian  Territory . , 


Iowa, 


Kansas 


Kentucky 


Louisiana 


Michigan. 


Minnesota. 


Stations. 


Maine 

Maryland  .... 
Massachusetts 


Second  order .. 

First  order 

Second  order  ... 
Special  display 
Special  river  .. 

Special  rainfall 
Second  order  .. 
Special  river  . . 
Special  rainfall 

Second  order  . . 
Third  order..-. 

Repair 

Special  rainfall 
Second  order .. 

Special  river  . . 
Special  rainfall 

First  order 

Second  order  .. 

Third  order 

Special  river  .. 
Special  rainfall 
Second  order  .. 
Special  river  . . 

Special  rainfall 

First  order 

Second  order  . . , 

Third  order 

Special  river  ... 


Special  cotton-region 

First  order 

Second  order 

Special  diHplay 

Second  order  .*.,:.... 

Special  rainfall 

First  order 

Second  order 

Third  order 

Special  display 


Location. 


First  order 

Second  order  . . . . 

Third  order 

Special  display  .. 


First  order  . . . . 
Second  order  . . 
Special  rainfall 


Bois^  City. 

Cliioago. 

Cairo,  Springfield  (h), 

Chicago  Water  Crib. 

Beardstown,  Grand  Tower,  Mount 
Carmely  Peoria,  Warsaw. 

Ottawa. 

Indianapolis  (X;). 

Evansville,  Monnt  Vernon,  Vincennes. 

Huntington,  La  Fayette,  Logausport, 
Rushvillci  Terre  Haute. 

Fort  Sill. 

Fort  Reno,  Fort  Supply. 

El  Reno,  Woodward. 

Eufaula,  Tulsa. 

Davenport,  Des  Moines  (ik),Dubnque, 
Keokuk,  Sioux  City. 

Le  Claire,  Muscatine. 

Cedar  Rapids. 

Dodge  City. 

Concordia,  Leavenworth,  Wichita. 

Topeka  (*). 

Manhattan. 

Kirwin,  Oberlin,  Salina,  Wallace. 

Lexington,  Louisville  (k), 

Buruside,  Catlfttsbnr^h,  Eddyville, 
Falmouth,  Frankfort,  Louisa,  Fa- 
dncah. 

Bowling  Green,  Greeusburgh,  Will- 
iamsbiirgh. 

New  Orleans  (fc). 

Shreveport. 

Port  Eads  (j)- 

Alexandria  (x),  Conshatta  Chnte  (r), 
Delhi,  Girard,  Monroe,  West  Mel- 
ville. 

Amite  City,  Cheney ville,  La  Fayette, 
Minden,  Monroe,  Natchitoches. 

Eastport. 

Green  Mountain  (v),  Portland. 

White  Head. 

Baltimore. 

Cumberland. 

Boston  {k). 

Nantucket. 

Vineyard  Haven,  Wood's  Holl. 

Chatham,  Gay  Head  Light,  Glouces- 
ter, Great  Point,  Highland  Light, 
Hull,  Hyannis,  Marblehead,  New 
Bedford,  Newburyport,  Nobska 
Light,  Provincetown,  Tarpaulin 
Cove. 

Detroit. 

Alpena,  Grand  Haven,  Lansing  (Ir), 
Manistee,  Marquette,  Port  Huron, 
Saulte  de  Ste.  Marie. 

Escanaba  {j). 

Bay  City,  Charlevoix,  Cheboygan, 
EastTawas,  Frankfort,  Glen  Haven, 
Ludington,  Mackinaw  City,  Me- 
nominee, Muskegon,  Petoskey,  Os- 
coda, St.  Joseph,  Sand  Beach,  South 
Haven,  White  Fish  Point. 

Duluth,  St.  Paul  (*). 

Moorhead,  St.  Vincent. 

Alexandria,  Fergus  Falls,  Fort  Ripley, 
Ortonville,  Redwood  Falls,  T^acy. 
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States. 


Mississippi 


Missonri 

Montana 

Nebraska 

Nevada  

New  Hampshire 
New  Jersey  .... 

New  Mexico 

New  York 

North  Carolina  . 


Stations. 


Second  order 

Third  order 

Special  river 

Special  cotton-region 


First  order  .. 
Second  order 
Third  order.. 
Special  river 

Second  order 


North  Dakota 
Ohio 

Oregon 

Pennsylvania 


Third  order 

Repair , 

Second  order 

Third  order 

Special  river 

S peci al  rainfall 

Second  order 

Third  order 

Second  order 

Special  display 

St'cond  order 

Third  order 

Special  display 

S .  ate  weather-ser V  ice . 

First  order 

Second  order 

Third  order...: 

Uepair 

Special  raiofall 

First  order , 

Second  order 

Special  display 


Location. 


State  weather*service.. 
Second  order 


Third  order 

Repair 

Special  display 

Special  river 

Special  cotton-region 


Special  rainfall. 
Second  order  ... 
Third  order..... 

First  order 

Second  order  ... 
Special  display. 
Special  river  ... 


Special  rainfall 


First  order  .. 
Second  order 
Third  order.. 
First  order  .. 
Second  order 
Special  river 


Meridian,  Yicksbnrg. 

University  {k), 

Yazoo  City.  , 

Aberdeen,  Batesville,  Brookhaven,Co- 
lauibns,  Corinth,  Edwards,  Hazel- 
hnrst,  Hernando,  Holly  Springs, 
Jackson,  Lake,  Macon,  Natchez, 
Okoloua,  Port  Gibson,  Waynesbor- 
ough. 

Kansas  City,  St.  Lonis. 

SpringBeld. 

Columbia  (k). 

Boonville,  Hermann,  Jerome,  Louisi- 
ana, St.  Joseph. 

Fort  Assioniboine,  Fort  Cnster,  He- 
lena. 

Fort  Maginnis. 

Caster  Station,  Oalpin,  Kintyre. 

North  Platte,  Omaha,  Valentine. 

Crete  (Jk). 

Plattsmonth. 

Culbertson. 

Winnemncca. 

Carson  City  (k). 

Manchester,  Mono t  Washington  (v). 

Portsmonth. 

Atlantic  City. 

Sandv  Hook  ( i'). 

Highland  Light  Beach. 

New  Branswick. 

Santa  V6. 

Fort  Stanton. 

Lava. 

Watrons. 

Springer. 

Bnflfalo,  New  York  City. 

Albany,  Oswego,  Rochester. 

Cape  Vincent,  Charlotte,  City  Island/ 
Dunkirk,  North  Fair  Haven,  Sodas 
Point. 

Ithaca. 

Charlotte,  Hatteras,  Raleigh  (A;),  Wil- 
mington. 

Kitty  Hawk,  Sonthport. 

Cnrritack  Inlet. 

Morehead  City,  Washington. 

Meant  Holly. 

Goldsboron gh,  Lnmbertoo,  New 
Berne,  Wadesborough,  Weldon. 

Asheville,  Charleston,  Murphy. 

Bismarck,  Fort  Buford. 

Fort  Yates. 

Cincinnati,  Cleveland. 

Columbus  {k)f  Sandusky,  Toledo. 

Ashtabula. 

Circleville,  Marietta,  Portsmonth, 
Zanesville. 

Caledonia,  Canton,  Kenton,  iians- 
field,  Sidney,  Wooster. 

Portland  {k). 

Baker  City,  Roseburgh. 

Philadelphia  (ik),  Pittsburgh. 

Erie,  Harrisbur^. 

Brookville,  Clarion,  Con  11  ne»ice,  Free- 
port,  Greensborough,  Johnstown, 
Lock  No.  4,  Mahoning,  Oil  City.  Par- 
ker's Landing,  Saltsburgh,  Warren. 
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States. 

Stations. 

• 

Location. 

FeDnsylvanta 

Rhod<f  IflluDd .....  r  - 

Speoi at  rainfall 

Second  order  .......... 

Gettvsbargh. 
Block  Island. 

Third  order...... ...... 

Narra^ansett  Pier. 

Bristol,  Newport,  Point  Jndith,  Sonth 

East  Light. 
Charleston. 

Soatli  Carolina  ..... 

Special  display 

Second  order  .......... 

Third  order ............ 

Columbia  (X;). 

Georgetown,  Port  RoyaL 

Allendale,    Batesbargh,    Blarkville 
Branohville,  Cheraw,  Chester,  Flor, 
ence,  Greensville,  Greenwood,  Har- 
deeville,  Jacksonborongh,    Kings- 
tree,  St.  George's,  St.  Mattheirfl^ 
Spartanburg. 

Fort  Sally,  Huron  (h),  Rapid  City, 
Yankton. 

Memphis. 

Cliattanooga,  Knoxville,  Nashvi]]e(ik). 

Carthage,  Charleston,  Clhiton,  Colom- 
bia, Johnsonville,  Kingston,  Lon- 
don, Rockwood,  i^trawberxj  Plains. 

Arlington,  Bolivar,  Brownsville,  Cov- 
ington,  Dyersburgh,  Grand  Jono- 
tion,  Milan. 

RogersviUe. 

Galveston  (k), 

Abilene,  Brownsville,  Corpus  Cbristi, 
El  Paso,  Fort  Elliott,  Palestine,  Rio 
Grande  City,  San  Antonio. 

Edinburg,  Marfa,  Miami,  Santa  Karia. 

Port  Lavaca,  Velasco. 

Be  I  ton,   Brenham,  Colnmbia,   Corsi- 
eaua,  Cuero,  Dallas,  Heame,  Hous- 
ton, Howe,  Hnntsville,  Longview, 
Lnling,  Orange,  Paris,  Tyler,  Waoo, 
Weatherford. 

Salt  Lake  City. 

Fort  Du  Chesne,  Taylor's  Ranobe. 

Price. 

Soath  Dakota 

Special  display 

Spedal  ootton-regton  . . 

Second  order  ..•••..... 

Tenneasee 

First  order  ...••• ...... 

Second  order .......... 

Snecial  river  .......... 

Texas • 

Special  cotton-region  . . 

Special  rainfall 

First  order ............ 

Second  order  .... ...... 

Repair ................ 

Utah 

Special  display 

Special  cotton-region . . 

First  order  ............ 

Third  order ............ 

Repair ...... ......  .... 

Vermont ........... 

Second  order  .......... 

Meant  Eillington  (v),  Northfield. 

Lyncbburgh,  Norfolk. 

Cape  Henry. 

Fort  Mojiroe,  West  Point. 

Abington,  Christiansborgh,  Wood- 
stock. 

Fort  Canby,  Olympia,  Port  Angeles, 
Spokane  Falls,  Walla  WaUa. 

Tatoosh  Island. 

yiririnia 

Second  order  ...... .... 

Third  order 

Washington 

Special  display 

Special  rainfall 

Second  order 

Third  order.. 

Repair ................ 

Neah  Bay. 

Port  Townsend,  Seattle. 

Parkersbnrgh. 

Charleston,  Harper's  Ferry,  Hinton, 
Morgantown,  Point  Pleasant, 
Rowlesbnrgh,  Weston,  Wheeling. 

Buckhannon,  Glenville,  White  Sul- 
phur Springs. 

Green  Bay.  La  Crosse,  Milwaukee. 

Ahnapee,  Ashland,  Kenosha,  Kewau- 
nee, Manitowoc,  Racine,  Sheboy- 
gan, Sturgeon  Bay. 

Chippewa  Falls,  Medford,  Phillips, 
Portage. 

Cheyenne,  Fort  MoKinney,  Fort 
Washakie. 

Rawlins. 

W  eat  Virginia  ...••. 

Special  display 

Second  order 

Special  river 

• 

Wisoonsin ....  •••.. 

• 

Special  rainfall 

Second  order 

WyominfiT  ..••...... 

Special  display 

Special  rainfall 

Second  order ...... .... 

Third  order 

Repur 

Carter. 

Aflrv^rM&A    ..  ..  .....a   ...... 

REPORT  OP   THE   CHIEF  SIGKA-L  OFFICER. 


203 


Bbcapitulation  of  Stations  of  thk  Signal  Sbrvicb  in  operation  on  Juns 

30,  1890. 

Stations  of  the  first  order  (makiDg  oontinaoas  records  by  means  of  self-reglsrer- 

ing  instraments)^ __ 26 

Stations  of  the  second  order  (taking  two  observations  daily)* 118 

Stations  of  the  third  order  (taking  one  observation  daily  at  8  p.  m)* 34 

Repair  stations  on  United  States  mill tary  telegraph  lines 15 

Special  display  stations 73 

Special  river  stations 72 

Special  cotton-region  stations 114 

Special  rainfall  stations   46 

State  weather-serv ice  stations  (taking  no  observations) 2 

Total  stations  in  operation 500 

List  or  Educational  Institutions  furnishkd  with  Wkathkr  Maps. 


Station. 


Boston 

Chattanooga 

Chicago 

Cincinnati . . 
Cleveland  .. 
Colnmbns  .. 

Denver 

Bes  Moines . 

Detroit 

Erie 

Harrisbnre  . 
Indianapolis 
Kansas  City 
Lionisville  .. 

Memphis 

Milwaukee  . 


Number. 


18 
1 
S 
9 
I 
5 
2 
4 
2 
1 
1 
3 
2 
1 
3 
5 


Station. 


Nashville 

New  Orleans.., 
New  York  City 
Philadelphia.. 

Pittsburgh 

St.  Lonis 

St.  Paul 

Sandusky 

Savannah  

Sioux  City 

Toledo 

Washington  . . 
Wilmington  ... 

Total 


Nnmber. 


2 
4 

13 
1 
1 
5 
2 
3 
1 
6 
2 

27 
1 


130 


CHANGES  SINCE  LAST  REPORT. 

Stations  estabUahed, 

8eo<md  ordar.— Meridian,  Miss.,  July  1,  1889;  Baker  City,  Ore(;on,  July  1,  1889; 
Sioux  City,  Iowa,  July  1,  1889;  Mount  Killington,  Vermont,  July  1,  18^19]  Tampa, 
Fla.,  March  13,  1890;  Green  Mountain,  Mount  Desert,  Me.,  June  1, 1890  (reopened) ; 
Mount  Washington,  New  Hampshire,  June  1,  1890  (reopened) ;  Mount  Killington, 
Vermont,  June  1,  1890  (reopened). 

Third  order.— Taylor's Eanch,  Utah,  July  1, 1889 (telegraph) ;  Fort  Maginnis,  Mont., 
July  1,  1889  (changed  from  second  order; ;  Columbia,  Mo.,  August  21,  1889  (State 
weather  service). 

Repair  ttaiiona  (telegraph  Hnea), — Currituck  Inlet,  North  Carolina,  Instructions  dated 
November  4,  1889;  Holbrook,  Ariz..  Special  Orders  dated  March  26.  1890;  Cooley's, 
Arizona,  Special  (>rdeis  dated  Maron  26, 1890 ;  £1  Beno,  Ind.  T.,  Special  Orders  dated 
April  1,  1890. 

Special  display  (atorm  vi^iMila).— Tarpanlin  Cove,  Massachusetts,  September  14, 1889 ; 
Port  Tampa,  Florida,  October  1, 1889 ;  Gay  Head  Light,  Massachusetts,  November  15, 
1889  (reopened);  Georgetown,  S.  C,  December  1,  1889;  Velasco,  Tex.,  December  15, 
1889;  Brunswick,  Ga.,  February  1,  1890  (reopened);  West  Point,  Va.,  February  15, 
1890;  Cedar  Keys,  Fla.,  April  1,  1890;  Washington,  N.  C,  March  15, 189u;  Ashland, 
Wis.,  May  1,  1890  (reopened);  Oscoda,  Mich.^  June  10,  1890. 

Special  rirer.— Point  Pleasant,  W.  Va.,  August  16,  1889. 

Special  rainfall. — Gettysbnrgh,  Pa.,  July  1,  18c59;  Cumberland,  Md.,  July  1,  1889: 
Woodstock,  Va^  July  1, 1889. 

Special  cotton  region, — Howe,  Tex.,  June  1,  1890. 

Statione  discontinued. 

Second  ordfr.— Green  Mountain,  Monnt  Desert,  Maine,  September  10,  1889  (for  the 
season) ;  Mount  Washington,  New  Hampshire,  September  30,  1889  (for  the  season) ; 

*  Inolading  also  Btatioas  cooperating  with  State  weather  servioea. 
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Mount  Killingtoiiy  Vermont,  October  1, 1889  (for  the  season) ;  Cedar  Keys,  Fla.,  April 
1,  1890. 

Third  order  ((ele^rap^).— Linkville,  Oregon,  November  1,  1889;  Fort  Klamath » Or- 
egon, November  1, 18o9;  Ashland,  Oregon,  November  1,  1889;  Fort  McDowell,  Aris., 
Febraary  28,  1890. 

Repair  Btatione  (tslegrapk). — Sweetwater  Bridge,  Wyoming,  Instructions  dated  Au- 
gust 12,  1889;  Parkers,  Oregon,  Instructions  dated  October  2*2,  1889;  Clallam  Bay, 
Washington,  Instructions  dated  December  9,  1889;  Crescent  Bay,  Washington,  In- 
structions dated  December  9,  1889 ;  Pysht,  Wash.,  Instructions  dated  December  9, 
1889;  Webster,  S.  Dak.,  histructions  dated  December  9,  1889;  Phn^nix,  Ariz.,  In- 
structions dated  December  17,  1889;  Bordeaux,  Wyo.,  Instructions  dated  December 
31, 1889 ;  Cantonment,  Ind.  T.,  Special  Orders  dated  March  4,  1890. 

Special  diiplay  ($torm  $%gnal$). — Oay  Head  Li;;ht,  Massachusetts,  August  3,  1889. 

Special  Hver.— Gallipolis,  Ohio,  August  31,  1H89. 

Special  cotton  region, — Scottsborough,  Ala.,  April  30,  1890;  Smithville,  Ga.,  June 
30,  1890 ;  Jesnp,  Ga.,  June  30,  1890 ;  Live  Oak,  Fla.,  June  30,  1890. 

Stations  Establishbd  and  DiscoNTixaED  During  thb  Year. 


Stations  of  the  first  order  .. 
Stations  of  the  second  order 
Stations  of  the  third  order  . 

Repair  stations 

Display  stations 

River  stations 

Cotton-region  stations 

Rainfall  stations 

Total 


Discon- 
tinued. 


0 

0 

o 

1 

3 

4 

4 

9 

11 

1 

1 

1 

1 

4 

3 

0 

28 


20 


CAUTIONARY  AND  STORM-SIGNAL  SERVICE. 

This  has.  as  in  former  years,  been  considered  one  of  the  most  important  and  valu- 
able branones  of  the  work  of  the  service,  and  past  experience  has,  wherever  possible, 
been  utilized  towards  its  improvement.  It  is  believed  that  the  popular  verdict  will 
concede  that  greater  success  has  been  obtained  during  the  la»t  year  than  heretofore, 
that  fewer  unnecessary  signals  have  been  ordered,  and  fewer  failures  made.  These 
signals  are  displayed  at  43  regular  stations  and  at  7.5  substations.  Fourteen  regular 
stations  have  been  designated  as  section  centers,  to  each  of  which  has  been  assigned 
a  number  of  adjacent  substations  for  general  administration.  On  the  Great  Lakes 
there  are  at  present  in  operation,  including  both  the  regular  stations  of  the  Service 
displaying  signals  and  the  substations,  4d ;  on  the  Atlantic  coast,  53 ;  on  the  Gulf, 
11,  and  on  the  Pacific,  6;  making  a  total  of  118  stations  of  all  cla^^ses  displaying  sig- 
nals. While,  therefore,  the  field  is  as  well  covered  as  the  appropriations  will  permit 
at  present,  yet  the  numerous  requests  received  for  the  establishment  of  additional 
,  stations  and  the  urgent  necessities  set  forth  for  such  action  show  unmistakably  the 
value  of  the  service,  and  the  advantage,  especially  to  mariUe  and  commercial  inter- 
ests, that  would  accrue  by  still  further  extending  the  system.  These  deductions  are 
further  emphasized  by  the  action  of  prominent  citizens,  who,  in  several  instances, 
have  provided  not  only  signals  for  display  at  their  own  expense,  but  have  also  volun- 
teered to  act  as  displaymen,  without  compeusation,  or  secure  others  for  that  purpose. 

The  interests  both  ot  this  Service  and  tiie  public  could  undoubtedly  be  better  sub- 
served by  an  increased  appropriation  for  this  important  branch  of  the  Service.  At 
present  the  displaymen  at  the  substations  receive  merely  a  nominal  sum  for  their aerv- 
ices,  ranging  from  |5  to  |7.50  per  month,  out  of  which  they  are  expected  to  pay  for 
oil,  wicking,  etc.,  provide  halyards,  and  keep  the  flags  in  repair.  It  can  not,  there- 
fore, be  reasonably  e^^peoted  that  however  conscientious,  trustworthy,  and  enthusi- 
astic they  may  be,  they  will  subordinate  their  own  interests  to  those  of  the  Serv- 
ice for  such  meager  compensation ;  it  is,  therefore,  obvious  that  all  interests  would 
be  better  served  by  a  more  commensurate  compensation  to  displaymen  and  the  estab- 
lishment of  additional  stations. 

The  former  system  of  signals  still  obtains,  but  has  been  supplemented  by  an  addi- 
tional symbol,  technically  known  as  the  ^*  Information  Signal,''  which  was  added  after 
consulting  ship-captains,  owners,  and  others,  and  obtaining  a  generally  favorable  ex- 

Sression  of  their  views  regarding  it.     It  connists  of  a  yellow  pennant  of  the  same 
imensions  as  the  red  and  white  pennants,  and,  when  display ed,  indicates  that  the 
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local  observer  bas  recehred  infonnatioi]  from  the  central  office  of  a  storm  coyering  a 
limited  area,  danji^eTons  only  for  veaaels  about  t4>  sail  to  ceitain  points.  The  si^al 
serves  as  a  notification  to  sliip-masters  that  the  necessary  information  will  be  given 
to  them  on  application  to  the  local  observer.  The  useof  the  signal  began  on  Decem- 
ber 1, 1889.  The  display  obviates,  in  many  cases,  the  necessity  for  hoisting  the 
'*  Cautionary  Signal."  In  addition  to  this  use,  observers  were  iufornud  on  January 
3,  1^90,  that,  in  case  telegraphic  oommuuication  with  the  central  office  wan  cut  off 
and  not  liable  to  be  restored  within  a  short  time,  they  were  authonz<'d  to  hoiHt  the 
"Information  Signal''  when  they  consider  a  storm  imminent  that  would  endanger 
navigation.  The  utmost  care  was  enjoined  in  this  nse  of  the'  signal,  and  in  every 
case  inquirers  are  informed  of  all  the  facts  known  to  the  observer. 
-  The  signal  is  m  use  at  both  regular  and  special  display  stations,  and,  at  the  former, 
when  wind  signals  are  ordered  up  at  adjoining  stations,  observers  are  directed  to 
hoist  the  *'  Inforthation  Signal''  wnen  they  have  reason  to  believe  that  local  shipping 
may  be  interested  in  obtaining  such  information  or  be  benefited  thereby. 

Although  it  is  but  a  comparatively  short  time  since  this  signal  was  introduced,  its 
Talne  has  proven  to  be  great. 

The  signals  are  displayed  on  the  lakes  only  during  the  season  of  na^gation.  The 
season  for  last  year  closed  at  both  regular  and  special  stations  as  follows:  Lakes  Su- 
perior and  Michigan,  December  1 ;  Lalce  Unron,  December  5 ;  Lake  Erie,  December  6 ; 
Lake  Ontario,  December  10 ;  and  opened  this  year  on  the  following  dates :  Lakes  Erie 
and  Ontario,  April  1;  Lake  Huron,  April  II ;  Lake  Michigan,  April  16;  Lake  Supe- 
rior, May  I. 

COOPERATION  WITH  THK  HYOROORAPHIC  OFFICE. 

At  the  request  of  the  chief  hydrographer  the  work  of  visiting  vessels  upon  their 
arrival  in  port  and  obtaining  information  pertaining  to  storms  encountered  at  sea, 
icebergs,  wrecks,  etc.,  and  distributing  pilot  charts,  supplements,  and  notices  to  mar- 
iners, was  continued  by  tbe  observers  at — 

Brownsville,  Tex.  New  London,  Conn. 

Charleston,  S.  C.  New  Haven.  Conn. 

East  port.  Me.  Peusacola,  Fla. 

Galveston,  Tex.  San  Diego,  Cal. 

Key  West,  Fla,  So  ithport,  N.  C. 

Mobile,  Ala.  Wilmington,  N.  C. 

In  all,  twelve  stations. 

As  the  duties  increased  so  mach  In  volume  and  became  so  onerous,  it  was  necessary 
to  require  only  such  work  performed  in  connection  as  could  be  done  withuut.  interfer- 
ing with  the  regular  station  duties,  and  to  have  a  monthly  report  made  showing  the 
work  performed  and  the  time  spent  in  cooperation. 

The  work  has,  in  consequence,  been  materially  reduced,  so  as  not  to  Impose  hard- 
ship upon  the  observers,  who  have  already  ample  regular  duties,  and  yet  to.  still 
permit  valuable  cooperation. 

COTTON'RBGION  SB R VICE. 

This  service  has,  as  in  former  years,  been  of  special  interest  and  value,  not  only  in 
the  cotton-region  belt,  where  the  staple  is  cultivate<l  and  sold  at  the  different  marts 
and  cotton  exchanges,  but  also,  though  more  indirectly,  to  the  great  commercial 
centers  and,  incidentally,  to  the  interests  of  the  entire  country.  The  system  has, 
within  the  year,  been  matt>rially  altered  and  improved,  and  it  is  hoped  that  the  rec- 
ord of  the  onrrent  season  will  show  at  its  close  a  marked  improvement  over  that  of 
S receding  years,  and  justify  the  care  and  attention  that  have  been  spent  in  attempt- 
ig  to  render  it  of  higher  practical  value. 

Late  last  season  it  was  decided  to  change  the  period  of  cotton-region  observations 
eo  as  to  commence  on  May  1  and  continue  until  November  :{0,  instead  of,  as  in  former 
years,  extending  from  April  I  to  October  31.  This  action  was  taken  mainly  in  accord- 
ance with  the  wishes  of  those  interested  in  the  cultivation  and  sale  of  cotton,  and 
the  results,  so  far  as  known,  have  been  more  satisfactory. 

Up  to  last  year,  the  cottou-region  observations  were,  as  a  rule,  taken  by  the  rail- 
road operators  or  agents,  who  forwarded  them  over  the  railroad  wires  to  the  centers, 
whence  they  were  transmitted  to  this  office  over  the  Western  Union  lines  in  the  usual 
manner.  This  method  had  many  disadvantages,  the  principal  of  which  was  that,  in 
order  to  have  the  observations  taken  and  the  reports  sent  from  the  special  stations,  it 
waa  necessary  to  appoint  employes  of  the  railroads  as  observers.  These  men  had  not 
the  advantages  of  previous  training,  either  in  the  knowledge  of  meteorological  condi- 
tions, or  of  even  tne  simplest  instruments,  and  as  their  time  was  so  fully  occupied 
with  their  special  dnties,  the  observations  were  neglected.  So  many  changes  of  rail- 
road emidoy^  were  also  made  in  the  interests  of  the  respective  roads  that  it  was 
very  di  in  cult  to  arrange  for  the  frequent  changes  that  occurred  in  the  observei-s  at 
the  stations  during  the  entire  season. 
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A  new  plan  has  been  adopted  involving  the  employment  of  the  Yolnntary  oo5per- 
ating  observers  of  this  Service  at  the  usual  small  corapensatioD  (20  cexlts  per  observa- 
tion taken,  enciphered,  and  filed  at  the  telegraph  office),  which  will  secure  a  higher 
class  of  observers,  many  of  them  meteorologists  of  locid  repute,  who  will,  it  is  be- 
lieved, from  their  active  interest  io  weather  conditions,  give  the  service  more  care, 
time  and  labor,  which  must  tend  to  materially  enhance  its  value.  In  fact,  more 
gratifying  results  have  already  arisen  from  this  action. 

,    The  observations  are  transmitted  in  the  usual  way  by  the  telegraph  company,  at 
stipulated  rates  below  the  ordinary. 

This  system  has  secured  accuracy  and  speed,  where  formerly  there  were  often  em- 
barrassing delays,  carelessness,  anil  gross  inaccaracy,  that  the  office  was  to  a  great 
extent  powerless  to  remedy.  Tht^  aiTminiKtration  of  the  service  and  the  changes  in 
methods  have  caused  much  labor  not  ouly  t  *  the  division,  but  also  to  the  observers 
in  charg«4  of  district  oent'ers,  who  have,  in  general,  acted  throughout  with  discretion 
and  good  judgment.  During  the  year  the  observers  in  charge  at  the  following  Sig- 
nal »arvice  stations  (the  centers  of  districts)  have  inf^pceted. their  substations: 


District  centers. 


Charlestou  . . 
Little  Rock  . 
New  Orleans 
Savannah . . . 
Wilmington. 
Vioksburg... 


No.  of  snb- 
stations. 


6 
12 
11 
12 

7 
4 


In  addition,  the  observer  at  Atlanta  inspected  the  station  at  Columbus,  Ga.,  and 
the  observer  at  Montgomery  that  at  Opeiika,  Ala.,  making  a  total  of  (>4  stations  in- 
spected dnring  the  year. 

Reports  from  the  inspectors  show  that  a  gratifying  interest  is  taken  in  this  work 
by  the  citizens  of  the  localities  where  the  stations  are  situated. 

There  are  at  present  twelve  district  centers  (regular  stations  of  this  service),  and 
in  operation  114  special*  cotton- region  stations. 

DUPUCATINO  PROCESSES. 

The  cyclostyle  process  was  used  by  the  Service  during  the  greater  part  of  the  year, 
but  as  numerous  complaints  weie  received  from  stations  regarding  the  tearing  of  the 
prepared  paper  sheet  used  as  a  stencil,  before  the  impressious  had  been  completed,  and 
the  issue  of  the  edition  was  therefore  interrupted  until  a  new  stencil  had  been  made, 
experiments  were  made,  both  in  the  Stations  Division  and  on  station,  with  a  view  to 
obtaining  a  better  method  for  doing  the  work,  and  one  that  would  be  more  econom- 
ical and  not  consume  unnecessary  time  and  labor.  The  Stations  Officer  submitted  a 
report  February  1,  1B89,  covering  these  experiments,  but,  while  this  report  was  un- 
dergoing examination,  Sergeant  J.  W.  Smith,  in  charge  of  the  Boston  station,  sub- 
mitted,  on  February  6,  1889,  a  report  on  his  experiments  with  an  inverted  stencil 
placed  on  an  ink  pad  used  in  connection  with  the  cylinder  press  in  obtaining  a  more 
rapid  method  of  printing  the  lines  on  the  weather  maps,  or  by  what  is  now  known  aa 
the  "milliograpn  process.'' 

The  experiments  with  the  milliograph  were  continmed  in  the  Stations  Division, 
nnder  the  personal  supervision  of  the  Stations  Officer,  and  it  was  fully  demonstrated 
that  one  of  its  great  advantages  wan  that  prepared  paper  eosting  about  one-fourth 
the  price  of  that  used  could  be  substituted,  and  that  the  construction  of  a  milliograph 
press  for  running  off  the  large  issue  of  maps  at  the  printing  stations  was  practicable. 
The  report  on  these  experiments  was  submitted  to  the  Chief  Signal  Officer  April  85^ 
1889,  and  by  him  referred  to  the  Publications  Officer,  who  states: 

'< There  seems  to  be  no  doubt  of  the  practicability  of  the  inverted  stenciL  On  ao> 
count  of  the  fact  that  the  process  does  not  require  expensive  paper  for  st'Oncils,  it  is 
believed  that  it  would  be  decidedly  more  economical  for  the  Service,  and  I  think  that 
the  Chief  Signal  Officer  should  secure  from  the  patentees  the  privilege  to  use  it  for 
official  purposes.  In  reference  to  the  double  cylinder  press,  mentioned  in  StatioiiB 
Division  report,  there  seems  to  be  no  doubt  of  its  practicability." 

On  June  (3,  by  order  of  the  Chief  Signal  Officer,  the  observers  at  Chicago,  Colam- 
bus,  New  Orleans,  Springfield,  III.,  and  Toledo  were  selected  and  sent  a  omdely  pre- 
pared milliograph,  with  instructions  for  its  use,  and  Ql^ders  %q  ^port  in  one  month. 
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giving  therein  their  opinion  as  to  the  advisability  of  adoptiag  the  method  perma- 
nently at  their  stations.  The  reports  received  from  the  stations  were  very  enooarag- 
ing ;  as  an  instance,  Chicago  states : 

y  The  advantages  suggested  to  me  are  the  almost  absolute  cleanliness  as  compared 
with  the  cyclostyle  process,  the  great  number  of  copies  that  can  be  made  from  one 
stencil,  the  very  trifling  inconvenience  resulting  even  if  the  stencil  is  torn,  and  the 
saving  that  can  be  effected  by  the  use  of  paper  of  an  inexpepsive  quality  as  compared 
with  the  paper  now  in  use." 

The  rexK>rts  from  the  other  stations  were  of  the  same  tenor,  except  that  Columbus 
states  that  where  only  a  few  copies,  ten  or  twenty-five,  are  required,  with  good  cyclo- 
style pa]^r,  he  prefers  that  method ;  for  more  copies  the  milUograph  is  superior. 

The  milHograph  was  explained  to  the  Cyclostyle  Company,  and  at  their  verbal  re- 
quest, under  your  verbal  orders,  the  Stations  Officer  arranged  for  and  was  present  at 
a  practical  test  of  the  cyclostyle  automatic  foot-power  duplicating  apj^aratus,  and  the 
milUograph  machine.  The  report  of  this  test  was  8iibraitte«l  to  the  Chief  Signal  Officer 
on  September  16  and  was  deci(l*-d  in  favor  of  the  inilliograph  machine. 

The  foot-power  apparatus  of  the  Cyclostyle  Company  and  a  hand-lever  milliograph 
were  sent  to  New  York  City  and  Boston,  respectively,  with  orders  to  report  on  the 
merits  of  the  two  macliiues.  The  observer  at  New  York  City  stated,  after  nearly  a 
month's  trial,  that  the  foot- power  cyclostyle  machine  was  not  suitable  for  the  work, 
while  the  observer  at  Boston  reported  very  favorably  as  to  the  milliograph. 

Upon  these  recommendations  and  those  previously  received  this  office  purchased  ^ 
hand-lever,  20  large  and  35  small  milliographs,  and  distributed  them  to  the  various 
stations  for  use  in  issuing  the  publications.  Observers  at  the  stations  thus  supplied 
were,  on  June  19,  ordered  to  report  their  personal  preferences  regarding  the  respective 
processes,  and  their  comparative  merits  as  the  result  of  actual  tests  and  experiments, 
giving,  in  connection,  the  time  that  each  had  been  used  at  the  station  and  additional 
pertinent  data. 

Observers  at  14  stations  preferred  the  milliograph  process. 

Observers  at  19  stations  preferred  the  cyclostyle  process. 

Observers  at  12  stations  prefeiTed  the  cyclostyle  process  for  small  issues,  bnt  the 
milliograph  where  issues  exceeded  25  or  30  copies. 

As  the  issues  by  either  process  fully  eterve  the  purpose  and  present  no  material  dif- 
ferences in  legibility  or  general  appearance,  it  Is  obvious  that  it  will  be  advantageous 
to  the  Service  to  use  the  milliograph  process,  which  seems  to  possess  at  least  equal 
merits  and  which  will,  in  the  cost  of  prepared  stencil  paper  alone,  produce  an  annual 
saving  of  about  |1,180,  as  milliograph  stencil  paper  costs  about  one-fourth  the  price 
of  that  required  for  the  cyclostyle  process. 

FROST  WARNINGS. 

These  have  been  continued  with  decided  benefit  to  the  agricnltural  and  oommer- 
oial  interests  concerned.  They  are  of  special  value  at  critical  periods  in  the  tobacco, 
cranberry,  and  cotton-growing  districts,  also  to  shippers  of  fruits  and  products  liable 
to  be  injured  by  the  occurrence  of  frost,  and  all  parties  materially  interested  in  the 
^owth  of  staples.  The  general  plan  in  use  the  previous  year  for  disseminating  the 
information  still  obtains,  the  observers  at  designated  stations  bulleting  the  warnings 
Teoeived  by  t^^legraph  from  the  central  office,  and  using  all  available  means,  the  local 
press,  telephone,  telegraph,  etc.,  to  promulgate  the  information  for  public  benefit. 

On  November  11  a  symbol,  elsewhere  generally  utilized  to  apprise  of  advancing 
cold  waves,  technically  Icuown  as  the  cold- wave  flag  (a  white  flag  with  a  black  square 
in  the  center),  was  designated  as  a  frost-warning  flag,  to  be  displayed  to  forewarn  of 
anticipated  damajring  frosts  in  certain  sections,  embracing  the  State  of  Florida  and 
the  Gulf  and  Pacific  coasts,  with  the  region  100  miles  inland. 

At  regular  Signal  Service  stations  outside  this  section,  the  same  symbol  is  also  des- 
ignated to  be  displayed  as  a  frost  warning  in  early  autumn  and  late  spring  for  the 
same  purpose. 

A  special  improvement  was  also  inaugurated  on  October  24,  in  the  system  of  report- 
ing light  and  killing  frosts  to  the  central  office  from  the  regular  stations,  namely,  to 
have  each  station  telegraph,  by  the  addition  of  a  single  word  to  its  current  report,  the 
occurrence  of  each  light  frost  until  the  first  killing  frost  occurs,  and  each  killing  frost 
until  the  temperature  falls  to  32^,  or  until  a  frost  occurs  which  is  generally  destruct- 
ive to  crop  vegetation,  {.  0.,  the  staple  products  not  materially  injured  by  the  earlier 
fk'osts  destructive  to  delicate  plants. 

This  change  better  serves  public  demands  by  permittmg  the  issue  of  more  specific 
information,  and  also  furnishes  fuller  data  for  study  and  deduction. 

INSTRUCTION. 

Observers  of  the  Service  are  expected  not  only  to  be  conversant  with  the  ordinary 
text-books  of  the  Service  and  familiar  with  the  modern  advancements  made  in  me« 
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teorology  and  kiodred  sciences,  bnt  also  to  htkvf*  a  ^ood  knowledge  of  the  theory  and 
practice  of  telegraphy  and  military  signaling,  und  to  fully  instruct  their  assiatants 
both  in  them  and  their  official  duties. 

Since  the  loss  of  the  school  of  instruction,  recruits  entering  the  Service  roost  neces- 
sarily be  assigned  immediately  after  enlistment  to  stations,  and  their  subsequent  in- 
struction and  training  are  imposed  npon  the  respective  observers  in  charge.  To  offset 
the  extra  labor  thus  devolved  npon  the  observers,  who,  as  a  rule,  have  already  ample 
work,  where  practicnbln,  recruirs  have  been  assigned  as  extra  men,  in  addition  to  the 
regular  station  force,  so  as  to  permit  their  being  utilized  to  compensate,  as  far  as  pos- 
sible, for  the  time  aud  labor  given  to  their  iustrnctiou. 

The  Morse  alphabet  superseded  the  former  coae  for  military  signaling  on  Jnne  2S 
(see  General  Order  No.  59,  Headquarters  of  the  Army,  Adjutant-Generars  Office,  of 
that  date),  and  en  forced  practice  in  military  signaling  was  discontinued  at  stations 
earlv  in  January  of  this  year. 

Regular  telegraph  practice  was  alHo  discontinued  at  the  same  time,  except  at  25  se- 
lected stations,  where  observers,  as  a  rule,  desired  to  continue  the  practice,  or  where 
such  would  be  essential.  Observern  were  informed,  however,  that  it  was  expected 
that  a  natural  pride  in  the  work  of  the  corps  wonld  induce  all  employes  to  render 
themselves  familiar  with  any  duties  they  were  liable  to  be  called  upon  to  perform. 

Thirty-five  men  have  been  instructed  during  the  year.  The  entire  course  has  av- 
eraged about  six  months,  but  could,  if  necessary,  be  completed  in  much  loss  time. 
No  special  advantage  would,  under  ordinary  circumstances,  be  secured,  it  is  thought, 
by  shortening  it,  as  additional  labor  wonld  in  that  event  necessarily  be  imposed,  both 
npon  the  instructor  aud  recruit,  without  adequate  compensation. 

LOCAL  FORKCA8T8. 

The  tentative  local  forecasts  of  weather  and  temperature  made  by  officers  and  se- 
lected observers  stationed  in  the  great  commercial  centers,  which  were  began  early 
in  Jnne  of  the  previous  year,  met  with  such  general  favor  and  success  as  to  warrant 
the  Qontinnance  and  extension  of  the  system.  The  list  of  observers  authorized  to 
make  forecasts  has  been  gradually  iucreased  from  time  to  time.  To  some,  dependent 
partly  on  local  necessities  aud  partly  as  to  the  judgment  as  to  the  competency  of  cer- 
tain observers,  authority  has  been  granted  to  pre<lict  both  weather  and  temperature; 
to  others,  to  forecast  weather  only.  At  present,  31  observers  are  authorized  to  make 
forecasts  for  both,  and  55  to  predict  weather  only. 

The  Officer  in  Charge  at  Chicago  has  been  authorized  to  make  wind  forecasts  in 
addition  to  those  of  weather  and  temperature,  and  the  Officer  in  Charge  at  San  Fran- 
cisco has,  as  in  former  years,  continued  to  make  forecasts  for  the  Pacitic  coast  regnon. 

Early  in  the  year,  observers  at  stations  issuing;  maps  were  authorized  to  include 
on  the  map,  under  proper  caption,  the  local  predictioos  made  by  themselves,  in 
addition  to  the  regLlar  official  forecast  for  their  respective  sections.  These  fore- 
casts are  for  periods  of  twenty-four  hours,  and  are  based  on  oue  or  the  other  of  the 
regular  observations.  Their  entry  on  the  maps  has  added  materially  to  the  local 
Talue  of  the  latter.  As  a  rule,  a  high  percentage  of  accuracy  has  been  obtained ;  bnt 
it  is  not  thought  advisable  to  submit  either  a  detailed  statement  or  general  average  in 
connection,  as  the  rules  governiuf;  local  verifications,  which  were  only  formulated  in 
November,  have  not  always  been  strictly  adhered  to  by  observers,  owing  to  misinterpre- 
tation and  other  causes,  and  in  some  instances  even  the  rules  themselves  have  had  to 
be  modified  or  supplemented  to  suit  new  points  that  arose  and  which  had  not  pre- 
viously been  covered  by  official  decisions.  The  following  official  decisions  now  obtain 
as  regards  verifications  of  temperature : 

A  prediction  of  higher  temperature  is  considered  verified  by  a  rise  of  one  degree 
or  more,  and  of  lower  temperature,  bj'  a  corresponding  fall. 

When  temperature  predictions  are  made  in  the  morning  they  are  compared,  for 
purposes  of  verification,  with  the  minimum  of  the  following  morning;  when 
roacie  in  the  evening,  with  the  maximum  of  the  following  evening. 

A  forecast  of  slight  changes  in  temperature  is  verified  from  March  to  October  by 
a  change  of  four  degrees,  aud  from  November  to  February,  indnsive^  by  » 
change  of  six  degrees. 

OFFICES. 

The  former  policy  of  the  present  Chief  Signal  Officer,  which  had  inaugurated  refoi^ 
nishing,  repairing,  and  putting  thf  officesof  the  Service  throughout  the  country  (which 
had  generally  been  shabliily  furnished  and  provided  for  under  his  predecessors,  and 
had  become  dingy  and  discreditable  in  appearance,  from  wear  and  tear  of  furniture, 
dost,  smoke,  etc. ),  into  a  presentable  and  comfortable  condition  has  been  continued 
and  practically  completed,  with  grati  fy ing  results.  By  the  exercise  of  good  Judgment 
and  economic  methods,  the  work  has  been  done  within  the  appropriations  and  without 
either  embarrassment  or  detriment  to  other  important  interests.    The  comforts  and 
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convenienoes  of  the  observers  have  also  been  considered  to  a  reasonable  extent  in  the 
disburfiements  of  appropriatious,  and  the  improved  condition  of  their  surroundings 
has  added  ficreatly  to  their  satisfaction. 

In  order  to  keep  the  stations  in  a  neat  and  clean  condition  it  was  decided  in  Janu- 
ary to  supplement  the  service  of  Janitors  and  cleaners  by  the  judicious  hire  once  or 
twice  per  year^  where  necessary,  or  charwomen  to  thoroughly  cleanse  the  offices.  The 
small  expi^nditure  involved  will,  it  is  believed,  be  more  than  compensated  by  the  more 
creditable  condition  of  the  offices. 

The  system  that  has  obtained  to  a  limited  extent  the  previous  year  of  locating  the 
offices  of  the  service  in  public  buildings,  where  such  privileges  could  be  had  from  the 
proper  authofities  and  suitable  exposures  for  instruments  obtained,  has  been  con- 
tinned.  In  pursuance  of  this  policy ,  removals  were  made  from  rented  quarters  to  the 
public  buildings  at  Keokuk,  Iowa;  Lacrosse,  Wis.;  Marquette,  Mich.;  Rio  Grande 
City,  Tex. ;  Fort  Stanton,  N.  Mex.,  and  Wilmington,  N.  C.  The  erection  and  altera- 
tion of  buildings  adjacent  to  offices,  which  have  impaired  existing  exposures  of  In- 
stiuments,  has  caused,  as  in  former  years,  the  removal  of  a  few  offices  into  other  build- 
ings, where  better  facilities  and  accommodations  were  to  be  obtained — sometimes  at 
lower  rentals.    Changes  of  location  have  been  made  as  follows : 

Chicago,  m.  Linkville,  Oregon. 

Cleveland,  Ohio.  Lynchburg.  Va. 

Colorado  Springs,  Colo.  Nashville,  Tenn. 

Davenport,  Iowa.  Pueblo,  Colo. 

Dubuque,  Iowa.  Titusville,  Fla. 

Fott  Smith,  Ark.  Yankton,  S.  Dak. 
Kansas  City,  Mo. 

The  offices  at  Boia6  City,  Idaho;  Norfolk,  Vs.,  and  Raleigh,  N.  C,  were  moved  to 
other  rooms  in  the  same  buildings  in  order  to  obtain  better  accommodations. 

At  Grand  Haven,  Mich.,  the  office  was  burned  September  30,  but  by  October  4  a 
new  office  had  been  obtained  and  observations  resumed. 

At  Spokane  Falls,  Wash.,  the  office  was  also  destroyed  by  fire  on  August  4.  Obser- 
vations were  resumed  in  temporary  quarters  August  6,  and  a  permanent  location  was 
secured  November  14. 

Correspondence  was  had  with  the  Treasury  Department,  and  the  assignment  of  rooms 
obtained  for  the  use  of  offices  in  the  public  buildiugs  now  in  course  of  erection  at 
Augusta,  Ga. ;  Louisville,  Ky. ;  Pittsburgh,  Pa. ;  Leavenworth,  Kans.,  and  Roches- 
ter, N.  Y. 

At  Carson  City,  Ney. ;  Manchester,  N.  H.,  and  Wichita,  Kans.,  rooms  were  assigned  in 
the  new  public  buildings,  but,  as  the  roo&  were  not  suitable  for  the  proper  exposure 
of  instruments,  the  changes  could  not  be  made.  Steps  have  already  been  taken  towards 
obtaining  from  the  proper  authorities  rooms  for  offices  at  Charlotte,  N.  C. ;  Charles- 
ton, S.  C,  and  Duluth,  Minn.,  and  it  is  probable  that  assignments  will  be  obtained 
in  due  season,  when  the  buildings  are  completed.  It  was  impossible  to  obtain  public 
quarters  at  Dubuque,  Iowa,  and  Santa  F^,  N.  Mex.,  as  all  the  rooms  had  been  as« 
signed  and  were  already  occupied  by  other  branches  of  the  public  service. 

Attention  is  invited  to  the  fact  that  complaints  have  occaeionally  been  made  by 
observers,  where  offices  are  located  in  public  buildings,  to  the  effect  that  the  janitor 
force  is  insufficient  to  properly  clean  the  rooms  assigned  to  this  service,  and  in  a  few 
instances  small  expenditures  have  been  necessitated  in  consequence,  to  keep  the  offices 
in  proper  condition. 

OVnCE  HOURS  AT  STATIONS. 

To  obtain  an  approximate  statement  of  the  number  of  hours  actually  required 
daily  at  the  respective  stations  for  the  performance  of  the  current  official  duties,  a 
circular  was  issued  in  December,  calling  for  a  statement  showing  the  entire  duties 
and  average  time  required  for  each.  On  receipt  of  the  respective  reports,  after  a 
careful  examination  and  revision,  where  necessary,  the  information  was  tabulated 
and  arranged  for  future  reference.  It  was  ascertained  therefrom  that  the  average 
daily  hours  of  consecutive  duty  needed  to  perform  the  current  work  at  a  regular  sta- 
tion approximated  8.7  per  man.  At  some  stations  the  time  was  much  in  excess  of  this 
average,  and  at  a  few,  less.  These  figures  do  not,  however,  fairly  represent  the  num- 
ber of  hours  actually  required  daily  for  station  duty.  The  regular  observations  are 
made  at  8  a.  m.  and  8  p.  m.,  seventy-fifth  meridian  time,  at  all  stations,  and,  as  a  rule, 
the  greater  and  more  important  part  of  the  day's  labor  occurs  at,  and  for  one  or  two 
hours  after,  these  fixed  periods,  when  each  observer  has  to  encipher  his  observation, 
prepare  and  deliver  it  at  the  telegraph  office  for  transmission  to  the  central  office,  or, 
if  at  a  telegraph  station,  transmit  it  himself,  and  arrange  for  the  receipt,  if  his  station 
be  other  than  a  mere  reporting  station,  of  the  reports  trom  adjacent  stations,  which 
he  must  promptly  translate  and  issue  to  the  public  in  bulletin  or  map  form,  as  may 
be  required,  and  also  to  furnish  the  pablio  press;  in  saoh  oases  the  range  of  daily 
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labor  will  average  aboat  thirteen  hoars,  daring  whioh  there  will  be  brief  periods  of 
intermission.'  This,  however,  affords  bat  little  respite  to  the  observer,  who  conld 
better  noe  the  spare  time,  if  it  came  together  and  not  at  intervals.  Attention  is  also 
invited  in  this  connection  to  the  fact  that  observers  in  thfs  service  are  on  dnty  every 
day  in  the  year,  Sundays  and  holidays  inolnded,  and  that  while  the  present  Chief  Signal 
Officer  has,  as  far  as  ]>ractioable,  restricted  their  labors  on  these  days  to  the  perform- 
ance of  only  snoh  duties  as  are  absolutely  necessary,  yet  every  observer  actually  aver- 
ages about  thirty  days'  extra  work  of  eight  hours  per  dav  each  year  by  labor  on  these 
days,  when  the  majority  of  other  employ^  and  the  public  in  general  are  using  them 
for  rest  and  relaxation. 

At  many  stations  where  there  is  but  one  man  to  perform  the  entire  work,  the  duties 
are  arduous  and  confining,  though  every  effort  has  been  made  to  prevent  hardships 
by  reduction  of  unimportant  work,  and  the  hire,  where  the  appropriations  permitted, 
of  messengers  and  assistants.  It  was  impossible,  in  such  cases,  to  furnish  regnlarly 
enlisted  assistants,  owing  to  the  more  important  demands  at  larger  stations  having 
greater  public  interest-s  to  be  served.  A  marked  reduction  has,  however,  been  affected 
generally  in  the  daily  hours  of  labor,  and  there  is  now  much  less  reasonable  ground  for 
complaint  regarding  them  than  in  former  years.  It  is  hoped  that  early  next  year,  when 
the  new  appropriations  become  available,  it  may  be  possible  to  hire  a  few  additional 
assiHtante  to  aid  at  certain  stations  where  the  hours  still  slightly  exceed  the  average. 

The  compilation  of  station  data  in  convenient  form  for  handling,  reference  and 
reduction,  which  has  heretofore  been  largely  neglect-ed  at  the  respective  stations,  but 
which  has  been  arranged  for  by  the  present  Chief  Signal  Officer,  has  necessarily  im- 
posed much  extra  labor  at  the  respective  stations.  Most  observers  have,  however, 
readily  seen  the  value  and  need  of  such  action,  and  have  zealously  worked  as  time 
and  opportunity  permitted.  Much  has  already  been  accomplished,  and  it  is  believed 
that  early  in  the  coming  year  the  back  data  will  have  been  so  classified  and  arranged 
as  to  permit  either  the  Bureau  or  observers  at  the  respective  stations  to  promptly 
furnish  important  meteorological  data  that  conld  not  formally  have  been  obtained, 
except  at  the  expense  of  much  time  and  labor,  a  condition  of  affairs  by  no  means 
creditable  to  the  Service. 

RAILWAY  BULLETIN  8KBYI0B. 

The  Railway  Bnlletin  Service  continues  in  operation  on  a  number  of  railroads, 
principally  east  of  the  Mississippi  River,  and,  as  in  the  past,  proves  a  successful  mode 
of  distributing  weather  forecasts  and  cold- wave  warnings  to  a  large  number  of  points 
whioh  have  no  other  means  of  obtaining  such  information. 

The  following  railroads  are  now  cooperating  with  the  Signal  Service  in  the  distri- 
bution of  forecasts,  etc.,  receiving  their  reports  by  telegraph,  either  direct  from  Wash- 
ingtoD  City  or  through  the  various  distributing  centers,  and  bulletiug  the  same  daily 
at  their  local  offices  for  the  benefit  of  their  employ^  and  the  general  public  on  forms 
famished  by  this  office  for  the  purpose: 


Railroads. 

Stations. 

Railroads. 

Stations. 

Allegheny  Valley  ............ 

38 
67 

31 
3 

40 
23 

2 
10 

8 
33 

28 
33 

19 

6 

25 

OldColonv 

140 

Baltimore  and  Ohio 

Pennsylvania  (Pennsylvania 
Division) 

Baltimore  and  Ohio  South- 

90 

western 

Peoria,  Decatur  and  Evans- 
ville 

Baltimore  and  Potomac 

33 

Central     Railroad    of    New 
Jersey..--. 

Philadelphia  and  Erie 

Philadelphia,     Wilmington 
and  Baltimore  (^Maryland 
Division) 

35 

Chicago  and  Iowa 

Cleveland,    Cincinnati,  Chi- 

19 

cago  and  St.  Louis  (Cairo 
Division) 

Rock  Island  and  Peoria 

St.  Louis,  Alton  and  Spring- 
field...  ;...:.. 

20 

Cumberland  Valley 

13 

Huntingdon  and  Broad  Top 
Mountain 

St.    Louis,    Arkansas     and 
Texas  

JLV 

5 

Lehigh  Valley 

Terre  Haute  and  Peoria 

United    Railroads    of  New 
Jersey  Div.  (Penua.  R.  R.). 
Western  Marvland.  ._ 

27 

48 

Louisville,  EvansvUle  and  St. 
Louis 

Northein  Central 

New  York,  Philadelphia  and 

West  Jersey 

57 

Norfolk 

Total 

Northeastern 

887 

Ohio  River 
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It  will  be  evident  from  this  detailed  report  regarding  weather  signals  that  the  sys- 
tem has  received  close  consideration  and  carefalsnpervisioQ,  that  numerous  improve- 
ments have  been  made,  resulting  in  part  from  the  experience  of  the  previous  year, 
and  that  while  there  has  been  a  material  increase  in  the  modes  of  dissemination  and 
display y  the  expense  has  not  been  proportionately  increased,  owing  to  the  more 
economic  methods  of  administration. 

REVISION  OF  METBOROLOQICAL  FORMS. 

In  November,  a  board  of  chieft  of  divisions  and  senior  clerks,  of  which  the  chief 
clerk  of  this  division  was  a  member,  was  appointed  to  revise  and  simplify  the  meteo- 
rological forms  used  by  the  Signal  Service. 

The  following  recommendations  of  this  board  were  adopted : 

A  standard  size  for  forms,  8  inches  in  width  by  10  inches  in  length  bem^  the  size 
adopted.  Such  forms  as  can  not  be  made  to  conform  to  the  standard  to  be,  if  larger, 
a  multiple  of  the  standard,  and  if  smaller,  to  be  one-third  or  two-thirds  of  the  stand- 
ard size. 

To  save  time  and  labor  to  the  observers,  the  plan  of  taking  press  copies  of  forms,  in*^ 
stead  of  making  them  by  hand,  was  adopted. 

All  forms  to  be  numbered  on  the  upper  left-hand  corner  and  the  following  series  to 
be  nsed :  Meteorological  forms  to  be  numbered  from  1001  to  1999,  as  the  first  series ; 
forms  of  the  accounts  division  to  be  numbered  from  2001  to  2999,  as  the  second  series ; 
telegraphic  forms  to  be  numbered  from  3001  to  3999,  as  the  third  series;  miscella- 
neous forms  to  be  numbered  fh>m  4001  to  4999,  as  the  fourth  series;  letter  forms  to 
he  numbered  from  I  in  Roman  notation,  consecutively ;  maps  to  be  lettered  from  A 
to  Z,  consecutively,  in  capitals. 

Uniform  headings  and  official  designations  of  the  various  classes  were  also  adopted. 

All  unnecessary  forms  were  discontinued  and  those  retained  properly  classified  and 
numbered. 

The  following  is  a  reoapitulati<m  of  the  work  performed  by  the  board : 

Forms  recommended  discontinued 321 

Forms  I'ecommended  to  be  consolidated 40 

Forms  recommended  to  be  retained 2:t5 

Total  forms  examined 596 

Total  forms  consolidated  or  discontinued 3(U 

Total  forms  retained 235 

SIGNAL  SERVICS  EXHIBIT  AT  THE  PARIS  EXPOSITION. 

The  exhibit  made  by  the  U.  S.  Signal  Service  at  the  Paris  Exposition  of  1B89  con* 
slated  of  a  set  of  the  publications  ot  the  Service,  a  small  display  of  instruments,  and 
aset  of  original  charts,  compiled  from  eighteen  years'  observations  taken  in  the  United 
States.  The  display  was  in  charge  of  Sergeant  Park  Morrill  and  continued  from  June 
1  to  November  1.    The  following  are  extracts  from  Sergeant  Morrill's  report : 

**  Owing  to  the  crowded  condition  of  the  railroad  between  Havre  and  Paris  the 
Signal  Service  exhibit,  in  company  with  many  others,  did  not  reach  the  Exposition 
grounds  until  after  the  official  opening  on  May  6.  It  was  received  and  completely 
installed  by  Jnne  1  in  the  'Palais  des  Arts  Lib6raux.'  The  exhibit,  while  not  large, 
was  well  designed  to  show  the  character  of  the  work  being  done  by  the  service,  and 
received  much  attention  firom  persons  having  an  intelligent  interest  in  such  subjects. 
The  daily  weather  map,  of  which  a  supply  had  been  provided  for  distribution,  excited 
special  interest,  being  far  superior  to  anything  published  by  other  weather  services 
in  point  of  data  given  and  area  covered  and  in  sise  an^  beanty  of  map.  Thousands 
would  have  been  taken  away  daily  if  they  could  have  been  obtained. 

''The  exhibit  was  entered  in  classes:  8,  scientific  expeditions:  15,  instruments  of 
precision ;  and  16,  maps  and  charts.  In  presenting  the  Service  to  tne  Juries  upon  these 
classes,  I  brought  to  their  attention  its  extended  work,  embracing  so  large  an  organ- 
ization and  covering  in  its  scope  so  extensive  an  area,  collecting  and  giving  to  the 
public  so  large  an  amount  of  meteorological  information,  and,  perhaps,  upon  these  con- 
siderations, rather  than  strictly  upon  the  exhibit  shown,  a  grand  prize  was  awarded 
in  each  of  the  three  classes.  A  fourth  grand  prize  was  awarded  in  the  name  of  the 
honorable  Secretary  of  War  for  the  Li^Ly  Franklin  Bay  Expedition.  No  exhibit  of 
the  United  States  Government  received  higher  recognition,  except  that  of  the  Depart- 
ment of  Accnoultnre,  which  was  a  collective  exhibit,  involving  a  largo  outlay  and 
mnch  labor. 
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''  AWARDS. 

"The  eatiraatioQ  In  which  the  Signal  Service  is  held  ahroad  is  well  shown  by  the 
award  of  a  f^raod  prize  in  each  of  the  three  classes  in  which  it  was  entitled  to  entry, 
and  in  reality  a  fourth  grand  prize  in  that  awarded  to  the  War  Department  for  the 
Lady  Franklin  Bay  Expedition.  This  bestowal  of  the  highest  possible  approval 
npon  the  service  by  three  separate  bodies  of  Judges,  not  merely  French,  bnc  interna- 
tional in  composition,  bespeaks  its  high  reputation  abroad." 

TYPEWRITINO  MACHINES. 

During  the  preceding  year  typewriters  had  been  issued  to  a  few  of  the  larger  sta- 
tions for  experiment  regarding  their  utility  and  value ;  and,  as  they  proved  a  practical 
success,  additional  stations  were  supplied  from  time  to  time  diiiring  the  past  year,  as 
opportunity  permitted.  Thirty-eight  stations  are  now  supplied  therewith.  They 
are  of  great  utility  in  the  issue  of  maps,  bulletins,  press  reports,  etc.,  as  well  as  in 
official  correspondence,  and  many  ingenious  methods  have  been  devised  by  members 
of  the  Service  for  further  increasing  their  field  of  osefulnesa  in  connectioni  especially, 
with  various  manifold  copying  processes. 

WBATHBR  HAPS, 

The  marked  advantages  that  weather  maps  possess  over  ordinary  bulletins  and 
reports  of  meteorological  conditions  have  become  more  generally  apparent,  as  the 
interest  taken  in  the  Service  has  increased,  <ind  the  demand  therefor  has  rapidly  ad- 
vanced. The  graphic  mode  of  presentation  of  data  in  map  form  is  specially  adapted 
to  public  needs,  as  any  person,  even  of  ordinary  Intelligence,  after  reading  the  expla- 
nation of  the  symbols  and  general  plan  as  shown  upon  the  map,  can  readily  under- 
stand the  meteorological  status  in  the  respective  sections,  and  can  soon  learn  to  make 
his  own  deductions  of  future  weather  from  observation  of  progressive  changes,  etc. 

By  the  courtesy  and  co5peration  of  the  postal  authorities,  who  have  rendered  the 
Service  and  the  public  such  valuable  aid,  a  system  of  distribution  which  formerly 
obtained  has  been  materially  extended  and  improved. 

At  certain  stations  of  the  service  designated  as  distributing  centers,  selected  in 
proportion  to  local  and  surrounding  population,  importance  and  extent  of  interests 
to  be  subserved,  facilities  for  mail  distribution,  and  other  causes,  maps  are  promptly 
prepared  from  telegraphic  reports  received,  and  are  issued  in  snch  numbers  as  tarn 
required  and  can  be  fully  utilized ;  are  displayed  in  the  vicinity  in  the  public  inter- 
ests, and  are  mailed  to  postmasters  and  others  who  cooperate  in  posting  them  when 
they  reach  their  respective  destinations,  in  frames  supplied  by  this  service ;  thus 
placing  within  the  reach  of  the  residents  of  towns  and  villages,  who  would  otherwise 
be  debarred  from  such  information,  weather  data  that  has  been  oollated  but  a  few 
hours  previously ;  for  maps  are  only  supplied  to  snch  places  as  can  readily  be  reached 
by  mail  or  other  mode,  while  the  information  is  still  comparatively  fresh  and  valu- 
able. The  official  forecasts  are  also  sent  from  the  central  office  to  the  respective 
distributing  centers  for  entry  on  the  maps  as  well  as  for  other  purposes ;  but  in  some 
instances  these  fail,  from  lack  of  prompt  telegraphic  facilities  or  other  insuperable 
difficulties,  to  reach  the  observer  in  time  to  prevent  delay  in  issue.  The  observer  in 
that  case  is  authorized  to  issue  the  map,  which  already  contains  the  local  forecast 
made  by  himself,  without  incurring  further  delay  in  waiting  for  the  official  forecast 
from  Washington.  The  public,  therefore,  obtain,  with  the  map,  a  forecast  of  the 
weather  for  their  section  for  the  twenty-ionr  hours  beginning  at  the  time  the  map 
was  issued. 

The  system  has  been  extended  during  the  year  so  as  to  include  the  following 
stations : 

Atlanta,  Qa.  Pensaoola,  Fla. 

Chattanooga,  Tenn.  Philadelphia,  Pa. 

Harrisbnrg,  Pa.  Portland,  Me. 

Knoxville,  Tenn.  St.  Paul,  Minn. 

Louisville,  Ky.  Sioux  City,  Iowa. 
Manistee,  Mich. 

Issues  have  been  made  in  the  morning,  or  at  night,  dependent  both  npon  the  im- 
portance of  local  interests  to  be  served  and  the  mail  facilities  for  supplying  them 
promptly  to  surrounding  towns.  Maps  are  now  issued  at  forty  stations;  at  thirty- 
one  in  the  morning  ana  at  four  stations  at  night;  at  five  stations,  the  most  impor- 
tant, where  mail  facilities  are  anuaually  extensive,  and  where  the  public  demand 
for  weather  data  is  argent,  both  morning  and  night  editions  are  issued. 
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AirangoiueutH  have  been  completed  to  begin  the  issue  of  p.  m.  weather  maps  at 
Chicago  on  Jaly  1,  as,  owiug  to  the  present  railroad  schedules,  there  is  a  large  unui- 
ber  of  post-offices  within  the  radias  of  100  miles  which  can  not  be  reached  with  an  a. 
in.  map  before  the  close  of  business  for  the  day,  bat  which  can  be  furnished  with  a 
p.  m.  edition  early  next  morning.  The  adrantage,  therefore,  of  the  issue  of  a  p.  m. 
edition  at  that  station  is  obvious,  both  in  view  of  the  greater  circulation  and  because 
they  thus  reach  the  public  before  business  hours  on  the  succeeding  morning,  while 
the  information  is  comparatively  fresh  j  besides,  the  forecasts  which  appear  thereon 
cover  the  day  on  which  the  map  is  received. 

Observers  have  in  all  cases  been  instructed  to  use  every  effort  to  make  the  issue  at 
regular  times  and  at  the  earliest  possible  moment,  so  as  to  properly  subserve  the 
public  interests.  Every  practicable  plan  has  been  considered  and  the  most  effectual 
Known  adopted  to  insure  prompt  receipt  of  reports  by  telegraph  at  the  respective  sta- 
tions, and  also  to  secure  the  prompt  issue  and  transmission  of  official  forecasts;  but 
even  with  the  greatest  care,  the  maps  are  sometimes  delayed  materially  at  Mtations 
waiting  for  data,  by  circumstances  beyond  the  control  of  this  office.  When,  however, 
the  forecasts  are  not  received  at  the  ordinary  time,  or  a  few  unimportant  reports  are 
missing,  the  map  is  not  delayed  in  consequence,  but  is  promptly  issued ;  the  local 
forecast,  if  one  is  made  at  the  station,  being  used  instead  of  the  official,  under  its 
proper  notation  as  such. 

The  marked  inerease  in  the  public  demand  for  maps  is  well  illustrated  by  the  fol- 
lowing figures,  showing  the  respective  issues  for  the  fiscal  years  from  18b6  to  1890, 
inclusive : 


• 

Fiscal  year. 

1886-»87. 

1887-'88. 

1888-'89. 

188I)-'90. 

stations 

5-2,248 
126, 000 

274, 411 
117,750 

683, 947 
175, 053 

876, 394 

Washiunton ... 

193, 140 

Total 

178,248 

392, 161 

859,000 

1,069,534 

* 

WJEATHER  SIGNALS. 

The  dissemination  of  official  forecasts  and  warnings  by  the  display  of  weather  sig- 
nals has  grown  materially  in  popular  favor,  as  evidenced  forcibly  by  the  marked  in- 
crease in  the  number  of  stations  displaying  them  and  the  frequent  new  requests  that 
are  made  for  additional  stations.  The  same  general  rnle  has  obtained,  as  m  the  pre- 
ceding year,  viz,  to  furnish  forecasts  at  public  expense  only  to  such  points  as  can  be 
reached  for  a  telegraphic  tariff  of  ten  cents  per  message,  or  less,  dependtmt  on  the 
number  of  stations  supplied  from  any  distributing  center.  To  several  applicants, 
therefore,  who  desired  to  establish  displays,  it  has  been  impracticable  to  grant  the 
forecasts  when  extra  tariffs  were  involved  in  the  transmission  of  telegramH  over  the 
lines  of  more  than  one  company.  In  many  instances,  however,  snch  concessions  have 
been  made  or  arrangements  provided  so  as  to  permit  sending  the  forecast's  at  the  uHual 
tariff.  In  a  few  cases,  where  unusual  public  interests  were  involved  or  special  rea- 
sons existed  for  such  action,  a  double  tariff  has  been  permitted  where  no  other 
economic  method  could  be  arranged  for  meeting  the  necessities  of  the  case. 

£ight  hundred  and  twenty-eight  stations  are  now  furnished  the  official  forecasts 
for  these  displays.  During  the  year  299  stations  have  been  established  and  198  sta- 
tions disoontinued. 
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By  a  compariBon  of  State  lists  it  is  found  that  Iowa  has  the  lari^est  onmber  of 
weather  signal  display  stations  reoemng  foreoasts  by  telegraph  at  Government  ex- 
pense. The  following  list  shows  the  nttmber  of  stations  now  in  operation  in  each 
State: 


States  and  Territories. 


Alabama 

Arkansas 

California  ..., 

Colorado 

Connecticut  .. 

Delaware 

Florida 

Georgia. ... . . 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts 
Michigan  . . . . . 
Minnesota  — 

Mississippi 

Missouri 


7 

13 

1 

5 

2 

3 

14 

10 

43 

54 

60 

41 

16 

36 

4 

2 

14 

59 

19 

21 

48 


States  and  Territories. 


Ko. 


I 


Nebraska 

Nevada 

New  Hampshire 
New  Jersey  .... 
New  Mexico  . . . 

New  York 

North  Carolina 
North  Dakota.. 

Ohio 

Oregon 

Pennsylvania  .. 
South  Carolina . 
South  Dakota.. 

Tennessee 

Texas 

Vermont 

Virginia 

Washington  ... 
West  Virginia  . 

Wisconsin 

Wyoming 


4 

5 
12 

I 
49 
2H 

9 
41 
10 
43 
25 
13 
15 
24 

^ 

:> 
16 

1 

4 
12 

2 


NoTB.~StAtioiifi  in  California  (sappUed  with  foreoMta  ftom  San  Fnmoisoo)  receive  such  only  fh>ni 
Xovember  1  to  and  incladlng  May  80. 

Upon  the  suggestion  of  this  office,  that  possibly  the  reports  might  not  be  as  valuable 
for  the  display  of  signals  during  the  summer  months  to  interests  concerned,  the  dis- 
play men  at  113  stations  stated  that  the  foreoasts  could  be  temporarily  discontinued 
for  that  period  without  detriment,  and  the  respective  distributing  centers  were  in- 
structed to  that  effect,  thereby  permitting  considerable  saving  to  the  telegraph  ap- 
propriation. 

At  a  few  stations  in  the  State  of  Missouri  a  system  of  weather  sij^nals  by  steam 
whistle  is  now  in  operation,  and  this  mode  of  disseminating  weather  information  for 
long  distances,  in  some  instances  over  10  miles,  ha^  met  with  great  success  in  the  dis- 
tricts in  which  it  has  been  inaugurated. 

The  following  code  of  whistle  signals,  now  in  use  at  Columbia,  Mo.,  is  furnished 
for  the  general  information : 

One  long  and  one  short. — Fair  and  colder. 

One  long  and  two  short, — Fair  and  warmer. 

Two  long  and  one  short — Rain  or  snow  and  colder. 

Two  long  and  two  short, — Rain  or  snow  and  warmer. 

One  long  alone, — Fair ;  stationary  temperature. 

Two  long  alone, — Rain  or  snow  and  stationary  temperature. 

One  long^  one  short,  and  two  long, — Fair  and  colder,  followed  by  rain  or  snow. 

One  long,  two  short,  and  two  long. — Fair  and  warmer,  followed  by  rain  or  snow. 

Two  long,  one  short,  and  one  long, — Rain  or  snow  and  colder,  followed  by  fair. 

Two  long,  two  short,  and  one  long, — Rain  or  snow  and  warmer,  followed  by  fair. 

Three  long, — Cold  wave. 

Four  long  alone, — Frost  and  severe  storm. 

Long  whistles  refer  to  the  weather. 

Short  whistles  refer  to  the  temperature. 
On  September  2,  all  displaymen  at  special  oold-wave  stations  were  requested  to 
state  what  dispositjion  they  made  of  warnings  sent  them  at  Gi>vernment  expense ;  if 
the  cold- wave  flag  was  displayed,  and  whether  they  wished  the  telegrams  continued 
during  the  coming  season;  also  as  to  what  interests  were  most  benefited  by  the  dis- 
plays. Replies  to  this  letter  indicated  that  the  warnings  were  highly  appreciated 
and  of  the  utmost  benefit  to  a  great  variety  of  agricultural  interests,  and  that  the 
flag  displays  were  promptly  made  upon  receipt  of  warnings  from  the  distributing 
centers. 

From  failure  to  reply  to  this  communication,  notification  of  the  removal  of  display- 
men,  and  for  other  oanses,  27  of  the  special  cold-wave  stations  were  dropped  from 
the  lists. 
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On  September  3,  all  displaymen  in  Missouri  were  requested  to  render  their  monthly 
reports  of  displays  to  the  observer  at  Columbia,  Mo.,  instead  of  to  St.  Luuis,  the 
State  Service  neadquarters  having  been  transferred  to  the  former  station. 

On  November  16,  all  displaymen  receiving  the  p.  m.  forecasts  were  informed  that 
the  a.  m.  forecasts,  which  oonld  be  made  to  reach  them  at  or  before  12,  noon,  would, 
if  they  so  desired,  be  substituted  for  those  sent ;  and  request  was  made  that  those 
most  interested  be  consulted,  and  this  office  informed  as  to  which  forecasts  were  pre- 
ferred for  the  display  of  signals.  Of  the  number  replying  to  this  communication, 
nearly  70  per  cent  desired  the  a.  m.  forecasts,  and  action  was  taken  to  that  effect, 
the  change  being  made  January  1.  After  this  date  all  new  stations  were  given  an 
opportunity  to  stale  their  preference  for  the  forecasts  desired,  the  result  being  that 
a  very  large  proportion  prefered  the  a.  m.  forecasts,  the  messages,  as  a  rule,  reaching 
them  within  three  or  four  hours  after  the  time  the  p.  m.  forecasts  could  be  received, 
and  covering  a  period  of  time  twelve  honrs  later. 

All  stations  receiving  a.  m.  forecasts  were,  on  December  20,  informed  as  to  the  time 
covered  by  such  predictions,  and  fully  instructed  as  to  the  proper  entiles  (as  to  their 
verification  or  non- verification)  to  be  made  on  the  monthly  reports. 

On  December  23,  distributing  centers  were  supplied  with  lists  showing,  respectively, 
the  substations  desiring  a.  m..and  p.  m.  forecasts;  the  necessary  changed  to  go  into 
effect  on  January  1.  The  observers  were  directed  to  use  the  utmost  dispatch  in  get- 
ting the  forecasts  (especially  the  a.  m.)  to  the  telegraph  office  for  distribution  to  the 
stations  named,  so  they  might  reach  their  destination  at  the  earliest  practicable 
moment. 

On  January  17,  by  arrangementa  perfected  througb  the  Michigan  State  Service,  the 
forecasts  and  warnings  were  authorized  sent  by  telephone  from  Lansing,  at  the  ex- 
pense of  this  Service,  to  nearly  50  substations,  which  had  been  previously  supplied 
by  the  State  Service  with  the  necessary  flags  for  the  display  of  weather  signals. 

With  a  view  to  ascertaining  the  honrs  at  which  local  telegraph  offices  at  display 
stations  were  open  on  Sunday,  each  displayman  was,  on  January  28,  requested  to 
furnish  this  office  with  the  desired  information,  in  order  that  distributing  centers 
might  be  notified,  and  so  prevent  the  filing  of  telegrams  for  substatiouK  at  which 
the  telegraph  service  on  the  day  in  question  was  not  such  as  to  admit  of  the  warn- 
ings being  delivered  to  displaymen  in  time  to  be  of  value.  The  information  con- 
tained in  the  replies  to  this  letter  was  tabulated  and  furnished  to  distributing  centers 
on  February  24,  with  instructions  covering  its  use. 

A  number  of  displaymen  having  requested  Sunday  forecasts,  a  circular  letter  was, 
on  March  4,  sent  to  all  applicants,  informing  them  that,  in  conformity  with  the  prac- 
tice of  other  bureaus  of  the  Government  regarding  labor  not  absolutely  necessary  on 
the  Sabbath,  and  in  deference  to  public  opinion  in  that  respect,  only  a  general  pre- 
diction will  be  issued,  unless  unusual  atmospheric  disturbances  are  anticipated,  in 
which  latter  case  the  particular  section  is  designated  and  the  information  dissemi- 
nated through  the  Associated  Press  or  by  special  message  to  stations  having  interests 
which  would  be  affected  by  such  sudden  and  decided  changes. 

On  March  12,  observers  at  distributing  centers  were  instructed  to  delay  for  fifteen 
minutes  the  forwarding  of  forecasts  containing  warnings  of  frosts  or  cold  waves,  in 
anticipation  of  the  receipt  of  an  order  to  hoist  cold-wave  signals;  in  which  latter 
case  the  cold- wave  order  would  be  substituted  for  the  warninj^  in  the  message  to  sub- 
stations. If  the  order  is  received  after  the  time  limit  has  expired,  it  will  be  reported 
at  once  by  special  message  to  all  stations  affected. 

On  March  19,  each  displayman  was  instructed  as  to  the  display  of  signals  for  tempera- 
ture, when  warnings  are  embodied  in  the  forecasts  message,  without  specific  orders  to 
hoist  the  cold-wave  flag:  also  as  to  the  mode  of  verifying  cold- wave  warnings. 

To  provide  for  the  more  prompt  distribution  of  forecasts  and  warnings  to  weather 
signal-display  stations  in  western  New  York,  Buffalo  was,  on  April  11,  announced  as 
a  distributing  center  for  that  section  of  the  State,  the  service  to  commence  on  April 
15 ;  and  all  western  New  York  stations,  formerly  supplied  with  these  reports  from 
New  York  City,  were,  on  the  latter  date,  placed  under  the  supervision  of  the  observer 
at  Buffalo. 

On  May  1,  the  observer  in  charge  at  each  distributing  center  was  furnished  with  a 
map,  or  maps,  showing  the  location  of  each  display  station  receiving  forecasts  and 
warnings  from  his  station  at  Government  expense,  with  index  for  the  same.  These 
maps  were  supplied  in  order  that  the  proper  forecasts,  etc.,  for  the  section  of  the  State 
in  which  each  substation  is  located  might  be  sent  to  that  particular  point. 

The  nonrendering  of  monthly  reports  by  displaymen  was  made  the  subject  of  com- 
plaint by  a  few  distributing  centers ;  but,  in  most  instances,  upon  the  matt<er  being 
brought  to  the  attention  of  the  delinquents,  assurances  were  given  by  the  displaymen 
of  prompt  compliance  with  instructions  in  future.  In  cases  of  continued  neglect  in 
this  particular,  the  stations  were  dropped  &om  the  list. 
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WKATHER   KKPORTS  FROM  THE   WEST  INDIES. 

The  arraDgements  referred  to  in  last  Annual  Report,  for  the  receipt  of  cableprram 
weather  reporta  from  West  Indies  stations,  by  the  oo5peration  of  the  Director  of  the 
Naval  Observatory  at  Havana,  ou  behalf  of  the  Spanish  Grovernnient,  for  wbich,  by 
way  of  reciprocity,  the  Chief  Sigrnal  Officer  agreed  to  famish  similar  data  fh)ra 
United  States  stations,  practically  failed  on  the  part  of  the  Spanish  anthorities,  who 
only  succeeded  in  furnishing  regularly  reports  from  Havana,  owing,  it  is  believed,  to 
lack  of  available  appropriations,  and  inability  to  obtain  concessions  from  the  cable 
companies.  A  new  project,  however,  to  obtain  reports  by  the  cooperation  of  the 
United  States  consuls,  is  uuder  consideration,  as  explained  hereafter,  which  it  is 
hoped  will  prove  more  successful. 

A  communication,  dated  March  6, 1890,  from  Mr.  Mortimer  A.  Turner,  United  States 
consul  at  St.  Thomas,  West  Indies,  urging  the  establishment  of  an  auxiliary  Signal 
Service  station  at  St.  Thomas,  and  emphasizing  the  great  importance  of  the  same  to 
maritime  interests,  was  referred  by  the  Honoraole  the  Secretary  of  State  to  the  War 
Depiirtment  on  April  9,  and  subsequently  in  the  usual  manner  to  the  Chief  Signal 
Officer,  who  addressed  the  following  reply  to  the  Honorable  the  Secretary  of  War, 
on  June  26,  1890,  which  was  forwarded  to  the  State  Department  on  the  following 
day: 

*^  Referring  to  the  letter  from  the  Honorable  the  Secretary  of  State,  dated  Depart- 
ment of  State,  Washington,  D.  C,  April  9,  1890,  with  inclosures  relative  to  the 
establishment  of  an  auxiliary  Signal  Service  station  at  St.  Thomas,  West  Indies,  I 
have  the  honor  to  stato  that  the  importance  of  securing  reliable  meteorological  re- 
ports from  the  West  Indies,  especially  during  the  hurricane  season  from  July  15  to 
October  15,  has  always  been  reoognizcMl  by  this  office.  Strong  efforts  have  been  made 
to  secure  these  reports  in  time  to  give  the  maritime  interests  of  the  country  ample 
warning  of  the  approach  of  dangerous  storms  which  frequently  pass  over  these  islands 
before  reaching  the  coast  of  tne  United  States.  Past  arrangementn  for  obtaining 
these  reports  have  not  proved  satisfactory,  owing  to  the  great  difficulty  encountered 
in  securing  persons  as  observers  whose  ability,  fidelity,  and  punctuality  insure  the 
correct  taking  of  observations,  their  enciphering  and  filing  at  the  tolegraph  stations ; 
but  it  is  believed  that,  by  the  powerful  intorvention  of  the  Department  of  State,  the 
cordial  and  active  assistance  of  its  consuls  in  the  Latin- American  States  can  be  ob- 
tained in  aiding  in  securing  accurate,  reliable,  and  punctual  reports,  which  will 
enable  the  Chief  Signal  Officer  to  comply  with  the  law  which  requires  the  Signal 
Service  to  give  notice  of  the  approach  and  force  of  storms  on  the  seacoast  of  the 
United  States. 

**  The  establishment  of  auxiliary  Signal  Service  stations  at  St.  Thomas ;  Santo 
Domingo;  Kingston,  Jamaica,  and  Santiago  de  Cuba  is  considered  necessary  in 
order  to  carry  out  this  project. 

'^I  therefore  have  the  honor  to  recommend  that  the  Department  of  Stato  be  re- 
quested to  so  interest  the  consuls  at  these  points  in  the  matter  that  they  may  recom- 
mend suitable  persons  as  observers,  to  whom  the  necessary  instruments  will  be  fur- 
nished by  this  service  and  who  will  each  receive  a  compensation  of  fl  per  day  for  his 
s^vicee  as  observer.  The  observer  will  be  required  to  take  and  telegraph  two  regular 
observations  daily — at  7  a.  m.  and  6  p.  m. — and  to  send  special  observations  in  case 
of  threatening  conditions;  the  whole  time  to  be  consumed  in  this  work  probably  not 
exceeding  an  hour  each  day. 

*'As  soon  as  this  office  is  advised  that  favorable  action  has  been  taken,  the  consuls 
will  be  commuicated  with  directly  as  to  details.*' 

The  perfection  of  this  plan  would  enable  the  Chief  Signal  Officer  to  give  early  and 
full  inrormation  of  the  approach  and  location  of  West  Indian  cyclones,  during  the 
hurricane  season,  and  other  storms,  and  the  benefits  accruing  therefrom  in  the  saving 
of  life  and  property  would  be  incalculably,  The  advan tages  derived  would  not  be  con- 
fined to  onr  own  commerce,  but  would  extend  also  to  the  maritime  interests  of  other 
nations. 

WABHINGTON  STATION. 

The  Washington  station  of  observation  is  still  in  the  cupola  originally  ooonpied, 
and  the  location  is  satisfactory.  The  room  was,  until  recently,  from  lack  of  avail- 
able storage  facilities,  partially  filled  with  the  self-recording  instruments  aud  other 
property  belonging  to  the  instrument  division ;  but  the  greater  portion  has  been  re- 
moved. 

Observations  with  the  sunshine  recorder  were  oommeneed  on  February  1  and  have 
eontinued. 

The  observer  keeps  the  monthly  record  sheets  made  by  the  thermo^aph  in  the  sta- 
tion instrument  shelter,  and  also  those  from  the  barograph  now  in  the  forecasts 
division. 
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The  wired  ranniD^  to  tho  ftelf-regisf-erinpr  inHt,nim«»jitA  on  tho  roof  havo  betMi  ar- 
ranjced  in  one  cable,  and  the  loose  wires  have  been  reiuove<l. 

The  following;  obanges  have  been  made  in  the  iDstrnmonts  eiuco  last  report :  The 
vertical  minimum  thermometer  was  substituted  for  the  horizontal  minimum  on  No- 
vember 1 ;  the  old  anemometer  was  exchanged  for  a  new  one  on  February  12,  and  on 
April  25  a  new  barometer  box  was  put  np,  which  is  a  great  improvement  on  that  of 
the  old  style. 

MISCKLLANEOnS. 

The  following  data  have  been  compiled  at  times  when  other  duties  would  permit: 

Wind  data  for  Washington  City ;  snowing  total  hourly  wind  movement,  by  mouths, 
with  prevailing  direction  for  each  hour,  percentage  for  each  direction,  and  number 
of  miles  from  each  direction  (partly  from  sixteen  and  partly  from  seventeen  years' 
observations). 

Rainfall  data  for  Washington  City ;  showing  total  monthly  amount  by  hours  (fifteen 
years'  observations). 

Temperature' data  for  Washington  City;  showing  mean  monthly  average  temper- 
ature for  each  observation,  with  average  maximum  and  minimum  (fifteen  years'  ob- 
servations). 

During  the  year  2,100  monthly  abstracts  of  Journal  have  been  examined ;  the  ac* 
knowledgment  of  all  general  orders,  circulars,  and  circular  letters  mailed  to  stations 
hae  been  checked,  and  the  correspondence  division  notified  as  to  all  general  orders 
and  circulars  reported  missing  from  station  files. 

A  monthly  report,  showing  absence  on  account  of  sickness  and  cost  of  medical 
attendance  and  medioines  (enlisted  men  on  station),  has  been  rendered  to  the  Chief 
Signal  Ofl9cer  for  his  information  and  that  of  the  disbursing  officer  of  this  service. 

Two  hundred  and  fifty-seven  changes  in  station  of  the  enlisted  force  have  been 
made  in  special  orders  on  the  recommendation  of  the  stations  oflicer. 

Twelve  rontes  to  be  followed  by  inspectors  have  been  outlined  and  maps  of  the  same 
made  for  the  use  of  the  Chief  Signal  Officer. 

Seventeen  changes  in  station  on  account  of  ill-health  have  been  granted  enlisted 
men  of  the  SignalCorps. 

Total  nnmber  of  days  the  enlisted  men  of  the  Signal  Corps  were  absent  from  duty 
on  account  of  sickness,  during  the  fiscal  year,  864 ;  I  per  cent. 

Total  nnmber  of  days  the  enlisted  men  of  the  Signal  Corps  were  absent  from  dnty 
on  account  of  leaves  of  absence  and  furlonghs  granted  during  the  fiscal  year,  2,872 ; 
2.7  per  cent. 

SUBMISSIONS  FOR  CONSIDERATION 

Organization. — ^The  value  of  some  definite  organization,  fixing  the  status  of  the 
service  on  a  permanent  basis,  is  so  obvious  and  would  be  evidently  so  beneficial  both 
to  the  interests  of  the  members  of  the  corps  and  to  the  public,  as  to  need  no  argu- 
ments. Should  the  bills  now  pending  in  Congress  for  the  organization  of  a  military 
Signal  Corps  proper  and  a  civilian  weather  bureau  fail  to  secure  such  action,  the 
propriety  is  respectfully  submitted  of  the  formulation  and  presentation  of  a  bill  for  an 
organization,  partly  militarjr  and  partly  civil,  to  embrace  both  services  or  for  such 
other  special  mode  of  organization  as  may  be  most  consistent  with  the  wishes  and 
policy  of  the  Chief  Signal  Officer. 

A  corps  having  the  observers  in  charge  at  first  and  second  order  stations  enlisted, 
with  a  subordinate  force  of  assistants,  part  enlisted  and  part  civilian,  to  be  decer- 
mined  by  the  respective  local  necessities  and  interests,  and  with  civilian  employes  to 
cooperate  with  State  Weather  Services,  would,  it  is  believed,  be  found  well  suited  to 
the  varied  needs  of  both  services. 

The  necessity  for  $ome  organization  can  not  be  overestimated,  as  the  present  in- 
definite status  is  neither  calculated  to  retain  worthy  and  capable  employ^,  call  forth 
their  highest  energies  and  abilities,  or  replete  the  ranks  with  men  possessing  the  quali- 
fications and  attfunments  needed  in  such  an  important  public  service,  demanding 
for  its  success  talent  of  the  highest  order. 

'  BecriUUng  and  inttruetian, — These  might,  in  the  event  of  the  establishment  of  such 
an  organization  as  is  above  outlined,  be  readily  arranged  for,  it  is  thought,  at  those 
posts  now  designated  as  Army  schools  of  instruction,  where  signal  officers  are  or 
might  be  assigned.  After  preliminary  examination,  such  as  now  obtains,  desirable 
candidates  for  enlistment  who  reach  a  high  percentage  might,  as  vacancies  arise,  be 
authorised  to  report  to  such  officers  at  their  own  expense  for  final  examination  and 
enlistment  if  found  qualified,  and  mi^ht,  after  enlistment,  under  the  supervision  of 
these  sinial  offioers,  be  thoroughly  trained  and  instructed  in  their  future  work  with 
but  litt&  expense  to  the  United  States  until  their  services  were  needed  elsewhere. 

8alari€$. — ^The  rates  of  commutations,  legally  authorized  enlisted  men,  which  have 
already  been  so  oareftilly  adyusted  by  the  Chief  Signal  Officer,  should,  when  prac- 
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ticable,  if  no  change  oocnrs  in  the  present  staiiM  of  tbe  employes,  be  again  roTised 
with  a  view  to  a  still  more  equitable  diHtribation,  espeoially  in  the  larger  cities, 
where  the  respective  costs  of  living  are  so  varied. 

The  retention,  also,  of  a  thorongkly  efficient  and  competent  corps  of  clerks  in  tbe 
divisions  at  this  office  deserves  consideration.  To  this  end,  therefore,  snoh  provisions 
should  be  made  for  advancement  in  grade  and  pay  as  may  be  practicable  and  in  ac- 
cordance with  the  views  and  policy  of  the  Chief  Signal  Officer,  else,  as  experience 
has  tanght,  transfers  will  be  soaght  and  secured  to  otner  bareans  of  tne  Government 
where  more  rapid  promotion  and  higher  grades  of  pay  offer  superior  inducements. 

Mr.  T.  B.  Harrison  has  continued  as  chief  clerk  of  the  division,  and  tbe  stations 
officer  would  feel  derelict  in  his  duty  should  he  fail  to  bear  testimony  to  his  value 
and  efficiency.  His  familiarity  with  station  afl'airs  has  been  of  ^eat  ntility  in  con- 
nection with  their  administration,  and  his  zeal,  judgment  and  discretion  admirable. 

The  entire  clerical  force  of  the  division  have  also  performed  their  respective  duties 
with  great  fidelitv  and  efficiency.  Many  improvements  in  modes  and  appliances  have 
been  made  from  the  practical  suggestions  offered  b>  them,  emanating  frequently  from 
evident  close  personal  interest,  ooth  in  their  specific  duties  and  the  work  of  the 
service.  The  duties  of  the  division  have  been  performed  by  all  with  the  utmost  har- 
mony and  good  will,  much  to  the  satisfaction  of  the  officer  in  charge,  who  takes 
pleasure  in  presenting  these  facts  to  the  Chief  Signal  Officer. 
Very  respectfully, 

Jas.  Mitcheix, 
Second  Limtwant,  Signal  Corps,  AitUiant  and  SUUionM  Officer, 

The  Chibv  Signal  Offxcsb. 
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REPORT  OF   THE    OFFICER   IN  CHARGE    OF   THE    STATE    WEATHER 

SERVICE. 

Signal  Offick,  War  Drpartmvnt, 

WaMngion,  Z>.  C,  September  b^  1890. 

Sir:  I  have  the  honor  to  sabmit  the  following  report  of  the  operations  of  State 
weather  services  and  meteorological  societies  cooperating  with  tlie  Signal  Service 
during  the  year  ending  June  30, 1890. 

There  are  at  present  28  local  weather  services  in  operation,  covering  the  territory 
of  thirty-four  States ;  and  the  experience  of  the  past  year  famishes  additional  proof 
of  the  value  of  State  services  cooperating  with  the  national  service.  The  detailed 
reports  of  the  directors  of  the  several  servicesL  herewith  inclosed,  show  the  many 
benefits  resulting  to  the  people  of  the  States  in  which  snch  organisations  exist  by 
affording  means  for  the  rapid  dissemination  of  the  weather  forecasts,  cold  wave, 
frost,  and  flood  warnings  issued  by  the  national  service ;  and  it  is  gratifying  to  note 
that  the  general  rerdict  of  the  local  services  is  commendatory  of  the  work  of  this 
office,  and  that  the  accuracy  of  the  forecasts  and  warnings  issued  by  the  central  office 
has  increased,  and  that  they  are  more  thoroughly  understood,  and  therefore  more 
largely  utilised  by  those  interested. 

The  liberal  policy  of  cooperation  inaugurated  by  the  present  Chief  Signal  Officer 
has  not  only  enabled  the  local  services  receiving  support  from  other  sources  to  largely 
increase  the  number  of  stations,  but  has  resulted  in  maintaining  other  local  services, 
which  must,  of  necessity,  have  ceased  to  exist  had  not  the  Chief  Signal  Officer  sup- 
plied the  assistants  and  necessary  instruments  for  continuing  these  services.  The 
benefits  resulting  to  the  Signal  Service  from  a  large  increase  in  the  number  of  stations, 
which  was  made  possible  by  the  recent  legislation  authorizing  the  purchase  and  dis- 
tribution of  meteorological  instrtiments  to  voluntary  observers,  will  be  apparent 
from  an  examination  of  the  tables  and  charts  publiahed  in  the  Monthly  Weather 
Review  of  this  service.  The  meteorological  data  collected  from  these  stations  has 
enabled  this  service  to  publish  more  accurate  charts  of  monthly  rainfall  and  tempera- 
ture, and  to  supply  data  from  which  the  climatic  conditions  of  each  section  of  the 
country  may  be  aefinitely  determined,  thus  affording  information  which  will  define 
the  regions  best  suited  for  the  cultivation  of  particular  crops.  It  is  hoped  that  the 
appropriation  for  the  purchase  of  instruments  to  be  distributed  to  voluntary  observ- 
ers may  be  continued  until  each  county  in  the  several  States  is  supplied  with  at 
least  one  station. 

A  number  of  these  services  have  inau^rated  special  investigation  of  subjects  per- 
taining to  general  meteorology,  which  will  doubtless  prove  valuable  to  the  national 
weather  service.  For  example,  the  report  on  thunderstorms  in  New  England,  to  be 
published  in  the  next  annual  report  of  the  New  England  Meteorological  Society. 
Also  a  review  of  the  cyclonic  storms  that  traversed  New  England  in  1889,  and  an 
investigation  of  sea  breezes  in  New  England,  and  other  discussions  which  may  be 
ntilized  in  the  general  work  of  the  national  weather  service. 

The  State  services  in  Pennsylvania,  New  York,  and  Michigan  are  issning  monthly 
charts  of  normal  rainfall  and  temperature,  which  are  not  only  valuable  for  determin- 
ing the  climatic  conditions,  but  afford  a  ready  means  of  determining  the  departures 
in  rainfall  and  temperature  of  the  current  months.  The  organization  of  the  State 
weather  service  in  Pennsylvania  afforded  the  means  of  furnishing  complete  and  reli- 
able data  of  the  rainfall  which  caused  the  destructive  floods  in  that  State  on  May 
31  and  June  1  of  last  year,  and  the  records  thus  supplied  have  been  freely  used  in  the 
settlement  of  claims  for  damages  caused  by  floods. 

The  services  in  the  States  on  the  eastern  slope  of  the  Booky  Mountains  and  those 
of  Nevada  and  Oregon  are  supplying  data  which  will  become  useful  in  the  solution  of 
the  irrigation  problem,  which  is  one  of  the  first  importance  in  those  regions. 

The  services  in  the  Southern  and  Western  States  publish  monthly  bulletins,  which 
have  been  largely  ntilized  by  the  local  and  State  authorities,  with  a  view  of  inducing 
immigration.    In  addition  to  other  benefits  resulting  from  the  organization  of  the 
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Texan  State  weather  service,  the  meteorological  reports  receired  from  the  stations  of 
that  service  are  now  being  tabulated  by  the  assistant  of  that  service,  Sergeant  C line, 
who  is  a  physician,  with  a  view  of  determining  the  relations  which  sadden  and  de- 
cided changes  in  temperature  bear  to  the  death  rate.  He  has  at  his  command  fifteen 
years^  record  of  temperature  and  deaths  in  the  city  of  Galveston,  and  it  is  believed 
that  his  deductions  will  be  valuable  to  medical  meteorology. 

The  organisation  of  the  Kentucky  service  has  resulted  in  the  establishment  of  a 
complete  system  of  stations,  covering  the  tobacco  region  of  tha|  State,  at  which  will 
be  received  the  frost  warnings  issued  by  this  service,  the  system  having  been  inaug- 
urated last  year  and  extendi  during  the  present  season. 

A  special  system  of  flood  warnings  has  been  organized  in  connection  with  the  Sooth 
Carolina  service,  which  is  in  successfhl  operation. 

Prof.  R.  B.  Fnlton.  director  of  the  meteorological  service  of  Mississippi,  states  that 
'*the  national  weatner  service  has  been  of  incalculable  benefit  to  the  people  of  the 
Delta  region  in  this  State  during  the  past  year  in  foretelling  the  extent  and  duration 
of  high  water  in  the  Mississippi  River,''  and  he  is  also  of  the  opinion  that  the  benefits 
of  the  national  service  mi^ht  be  extended  to  the  shipping  interests  of  that  State  by 
the  display  of  storm  warnings  on  the  Gulf  coast,  where  about  one  thousand  men  are 
employed  in  fisheries  and  lumber  shipping. 

I  have  enumerated  above  some  of  the  special  advantages  resulting  from  the  organ- 
ization of  local  and  State  weather  services,  while  the  detailed  reports  of  the  directors 
will  show  that  these  services  are  being  utilized  in  the  varied  interests  of  the  country. 

WXATHER  CROP  BUIXBTIN. 

The  weather  crop  bulletin  of  the  Signal  Service  has  been  regularly  issued  during 
the  year,  this  being  a  monthly  bulletin  during  the  winter  months  and  a  weekly  bul- 
letin during  the  growing  season,  from  March  1  to  October  1.  This  bulletin  contains 
a  weekly  summary  of  the  temperature  and  rainfall  based  upon  reports  from  telegraphic 
stations,  and  a  comparison  of  the  same  with  the  normal  conditions  for  both  tne  cur- 
rent week  and  the  entire  season  from  January  I  to  the  date  of  the  bulletin.  It  is  also 
accompanied  by  general  remarks  based  upon  telegrams  forwarded  fix>m  the  central 
stations  of  State  services,  giving  the  prevailing  weather  conditions  and  the  efieot  of 
weather  upon  the  growing  crops.  These  telegrams  are  based  upon  reports  received 
by  mail  from  numerous  observers  throughout  the  State,  submitted  in  time  to  reach 
the  State  center  by  Saturday  morning,  so  that  the  weekly  bulletin  presents  a  reliable 
summary  of  the  meteorological  conditions  and  the  effect  of  the  same  upon  the  princi- 
pal crops  throughout  the  agricultural  regions  of  the  United  States.  This  bulletin  is 
also  accompanieid  by  a  tabular  statement  containing  the  data  upon  which  it  is  based, 
and  it  is  issued  and  mailed  on  Saturdav  night  in  time  to  reach  the  principal  commer- 
cial centers  before  the  opening  of  trade  on  Monday  morning.  This  bulletin  is  sup- 
plemented by  the  weekly  crop  bulletins  issued  by  the  State  services,  each  State  serv- 
ice issuing  its  own  bulletin,  based  upon  mail  reports. 

There  is  no  feature  of  the  weather  service  which  has  met  with  such  universal  favor 
and  been  so  highly  commended  as  the  weather  crop  bulletin.  The  weekly  weather 
crop  bulletin  issued  by  the  Signal  Service  has  been  commended  by  boards  of  trade  in 
the  wheat  and  cotton  regions ;  it  is  regularly  telegraphed  as  an  item  of  news  by  the 
press  associations  and  published  by  the  principal  Journals  of  the  country,  and  is  also 
cabled  to  Europe  to  parties  interested  in  the  staple  crops  of  this  country.  Considered 
in  connection  with  the  local  State  bulletins,  it  places  before  the  people  of  the  country 
at  weekly  intervals  a  reliable  statement  as  to  the  conditions  of  the  weather  and  the 
effect  of  the  same  upon  crops.  This  information  has  been  largely  used  to  advantage 
by  both  the  producer  and  dealer,  and  places  both  upon  an  equal  footing.  The  State 
crop  bulletins  are  exchanged,  and  each  board  of  trade  is  supplied  with  copies  of  all 
State  bulletins  throughout  the  cotton  region  for  the  benefit  of  its  members,  so  that 
the  condition  of  the  crop  in  all  sections  may  be  accurately  known.  • 

The  director  of  the  Tennessee  weather  service,  in  referring  to  this  feature  of  Sig- 
nal Service  work,  writes  as  follows : 

'^  Of  all  the  bnlletins  emanating  from  the  Si^al  Ofi9ce  of  its  weather  service  ad- 
juncts in  various  States,  this  is  by  far  the  most  important  to  those  interested  in  the 
products  of  the  soil,  and  a  growing  interest  is  manifested  in  the  increased  demand 

for  it. 

•  •  •  »  •  •  » 

"This  publication  has  done  more  to  popularize  the  Signal  Service  with  all  those 
who  aro  concerned  either  in  the  direct  production  or  handling  of  agricultural  prod- 
ucts than  perhaps  any  other,  certainly  in  this  State,  because  it  brings  to  them  offi- 
cially each  week  the  latest  and  most  reliable  information  concerning  the  growth  and 
maturity  and  prospects  of  the  various  crops  of  the  country.  It  is  not  saying  t-oo 
much  that  the  efforts  of  the  Chief  Signal  Officer  in  this  direction  have  been  attended 
with  the  best  results,  and  he  has  made  the  service  invaluable  to  the  farmer  and  to 
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the  oomraeroial  man  through  the  mediam  of  this  adjnnot  to  the  serrice.  It  has  been 
reeerved  for  the  weather  crop  bulletin  to  bring  directly  home  to  the  citizen  the  prac- 
tical value  of  the  Signal  Service,  and  so  long  as  it  is  properly  maintained,  supple- 
menting the  daily  forecasts,  the  service  will  be  regarded  by  the  average  citizen  as 
one  of  the  greatest  blessings  under  the  Government.'' 

It  will  be  seen  from  the  reports  of  the  directors  of  State  services  that  the  weather 
crop  bulletin  is  generally  regarded  as  one  of  the  most  important  features  of  Signal 
Service  work,  and  its  success  gives  evidenoe  of  foresight  and  ability  in  the  present 
administration  of  the  Signal  Service,  under  which  this  important  branch  of  work 
was  inaugurated. 

There  is  also  issued,  from  the  data  upon  which  the  weather  crop  bulletin  is  based, 
charts  representing  the  excess  and  deficiency  of  temperature  and  rainfall  throughout 
the  United  States.  These  charts  are  prepared  weekly  and  supplied  to  the  Superin- 
tendent of  the  Marine  Hospital  Service,  who  included  them  with  a  tabular  statement 
in  the  weekly  abstract  or  sanitary  reports  issued  by  the  Marine  Hospital  Service. 
The  first  issue  of  these  charts  occurred  on  April  11  of  the  current  year,  and  they 
have  been  continued  without  interrnptiou  since  that  date.  They  present  the  condi- 
tions of  temperature  and  moisture  in  such  a  form  as  to  render  it  possible  to  readily 
study  these  conditions  in  connection  with  special  diseases. 

Inclosed  will  be  found  a  list  of  State  weather  services  containing  the  name  of  the 
central  station,  the  name  of  the  director,  and  the  name  of  the  Signal  Service  assist- 
ant of  each  service. 

The  Signal  Service  men,  acting  as  assistants,  have  been  selected  on  account  of  their 
special  fitness  for  the  work  to  be  performed,  and  they  are  to  be  commended  for  the 
faithful  and  efficient  manner  in  which  they  have  performed  their  duties. 

While  no  regularly  organized  service  exists  either  in  Virginia  or  CalifoxTiia, 
weather  crop  services  have  been  organized  in  those  States,  which  have  received  the 
hearty  indorsement  of  many  agriculturists  interested  in  crop  bulletins,  and  it  is 
hoped  that  these  experimental  services  may  be  followed  by  permanent  organizations. 

Of  the  services  now  in  operation,  ten  have  been  organized  by  legislative  enact- 
ments and  receive  support  from  the  State  government,  while  the  Chief  Signal  Officer 
continues  to  cooperate  and  lend  valuable  assistance  to  all  State  services,  detailing 
men  as  assistants,  furnishing  blanks,  stationery,  and  instruments  when  desired,  and 
authorizing  free  distribution  of  Signal  Service  forecasts  to  a  large  number  of  observ- 
ers designated  by  the  directors.  This  liberal  policy  which  the  Chief  Signal  Officer 
has  pnrsuod  towards  the  local  and  State  services  has  been  courteously  acknowledged 
by  the  officials  of  the  local  services,  and  the  assistance  which  has  been  rendered  by 
the  national  service  to  these  services  has  contributed  largely  to  their  success. 

H.   H.   C.   DUNWOODY, 

Captain  Fourth  Ariillerif,  Signal  Officer,  in  chargv  of  State  Weather  Services. 
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StATXS  in  which  local  W8ATHER  SERVICES  ARE    NOW  IX  OPERATION,    WITH  THE 
NAMES  or  DIRECTORS  AND  SlQNAL  SBRYIGB  ASSISTANTS. 


State. 

Central  station. 

Director. 

Signal  Service 
assistant. 

Alabamft ....... 

Aubnrn  ......... 

Prof.  P.  H.  Mell,  Agricul- 
tural   and    Mechanical 

J.  M.  Quarles. 

College. 
Mr.  M.  F.  Locke,  Commis- 

Arkansas  

Little  Rock 

W.  U.  Simons. 

sioner  of  State  Bureau 

Colorado 

Colorado  Springs 

of  Agriculture. 
Prof.  F.  H.  Loud.  Colorado 
College  Observatory. 

W.  S.  MiUer. 

UliDois 

Snrinirfield 

John      Craig      (in 

charge). 
C.  F.  K.  Wappen- 

Indiana 

Indianapolis ..  .. 

Prof.  H.  A.  Huston,  Purdue 

University. 

bans. 

Iowa 

Des  Moines 

Mr.  J.  R.  Sage 

G.  M.  Chappel. 

Kansas... 

Topeka 

Prof.  J.  T.  Lovewell,  Wash- 
bum  College. 

T.  B.  Jennings. 

Kffli  tacky 

Lonisville 

Dr.  E.  A.  Grant,  Treas 
urer  Polytechnic  Society 

Frank  Burke. 

■ 

of  Kentucky. 

Loaisiaua 

New  Orleans  .... 

Under  the  auspices  of  the 

R.  £.   Kerkam  (in 

Commercial    and   Agri- 

charge). 

cultural  Associations  of 

* 

Louisiana. 

Miehigan 

Liansing ......... 

N.    B.  Conger,  Observer, 
Signal  Corps. 

Minnesota 

St.  Paul 

John      Healy     (in 

charge). 

Mississippi 

University 

Prof.  R.  B.  Fulton^  Uni- 
versity of  Mississippi. 

Missonri 

Columbia 

Mr.  Levi  Chubbuck,  Sec- 
retary   Missouri    State 
Board  of  Agricu  I tu re. 

A.  L.  McRae. 

Nebraska 

Crete 

Prof.  Goodwin  D.  Swezey, 
Doane  Colleee. 

G.  A.  Loveland. 

Nevada 

Carson  City 

Prof.  Charles  W.  Friend, 
State  Geologist. 

H.  E.  Wilkinson. 

New     England 

Cambridge 

Prof.  W.  M.  Davis,  Har- 

J. Warren  Smith. 

Meteorological 

vard  College. 

Society. 

New  Jersey 

Now  Brunswick . 

E.  W.  McGann  (in 
charge).* 

New  Tork...... 

Ithaca  ...••..... 

Prof.  E.  A.  Fuertes,  Cor- 
nell University. 

I.  G.  Gardiner. 

North  Carolina . 

'Raleiirh 

Dr.  Herbert  Battle,  State 
Agricultural       Depart- 

C.   F.    von    Herr- 

mann. 

ment. 

Ohio 

Columbus 

Prof.  B.  F.  Thomas,  State 

University. 
Mr.  H.  E.  Hayes,  Master 

of  State  Grange. 

C.  M.  Strong. 

Oreffon ......... 

Portland  ........ 

B.  S.  Pague. 

Pennsylvania .  . 

Philadelphia 

Under  direction  of  Frank- 

T. F.  Towosend  (in 

lin  Institute. 

charge). 

Sooth  Carolina . 

Columbia 

Hon.  A.  P.  Butler,  Com- 
missioner of  Agriculture. 

G.  E.  Hunt 

South  Dakota  . . 

Huron  .......... 

S.    W.    Glenn    (in 

charge). 
H.  C.  Bate. 

Tennessee 

Nashville 

J.    D.    Plunkett,   M.   D.. 

President   State  Board 

of  Health. 

Texas.... 

Galveston 

Mr.  D.  D.  Bryan 

I.  M.  Cline. 

*  Since  the  desth  oi  Professor  Cook,  in  New  Jersey,  Assistant  has  remained  In  oharge. 
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ALABAMA. 

No  annual  report  has  been  reoeiyed  from  the  Alabama  State  weather  Bervice.  As 
a  sample  of  the  meteorological  data  oolleoted  and  published  by  that  service,  the  fol- 
lowing balletin  is  given : 

Report  of  ike  Alabama  Weaiker  Service,  ooiSperating  toitk  the  U.  S,  Signal  Service,  June, 

1890. 

STATE  SUMMARY. 

Atmoepherio  pressnre  (in  inches).  Monthly  mean,  30.065;  mazimaui  observed, 
30.296,  at  Aabnrn,  on  the  10th  ;  minimum  observed,  29.776,  at  Auburn,  on  the  30th ; 
range  for  the  State,  .520. 

Temperature  (degrees):  Monthly  mean, 79;  highest  monthly  mean, 83.3, at  Good- 
water  ;  lowest  monthly  mean,  72.8,  at  Chepnltepec ;  maximum,  99,  at  Gadsden,  on  the 
3Uth ;  minimum,  50.5,  at  Jasper,  on  the  5th ;  range  for  the  State,  48.5 ;  greatest  local 
monthly  ran^e, 43,  at  Jasper ;  least  local  monthly  range,  17,  at  Chepultepec. 

Precipitation  (in  inches) :  Average  for  the  State,  3.32 ;  greatest,  5.92,  at  Union-* 
town ;  least,  1.46,  at  Guntersville. 

Wind:  Prevailing  wind, southeast. 

There  were  but  few  characteristic  features  duriu^  this  month  that  call  for  special 
attention  except  that  it  was  hot  and  dry.  Attention,  however,  is  directed  to  notes 
from  observers. 

This  season  was  very  warm,  the  average  temperature  being  above  the  normal.  The 
rainfall  over  the  State  was  light,  being  considerably  below  the  normaL  Crops,  es- 
pecially com,  have  suffered  very  much  for  rain,  but  cotton  did  unusually  well  during 
the  mouth  and  is  reported  in  fine  condition. 

The  atmospheric  pressure  was  about  the  normal,  and  no  very  destructive  storms 
have  been  reported  to  this  office. 

P.  H.  Mbix, 

iJirectar. 

J.   M.  QUARLES, 

Private,  Signal  Corps,  Aesietant. 

ARKANSAS. 

LiTTLB  Rock,  Ark.,  July  1, 1890. 

Sir:  The  work  of  the  service  has  been  somewhat  restricted  during  the  past  year 
for  lack  of  funds  to  pay  for  the  printing  of  reports  and  bulletins.  Prof.  John  C.  Bran- 
ner,  the  director  at  the  close  of  last  year,  resigned  and  requested  the  governor  to  ap- 
point Col.  M.  F.  Locke,  commissioner  of  the  State  bureau  of  agricultbre,  mining,  and 
mannfactnring,  in  the  belief  that  the  bureau  would  be  able  to  print  the  reports  from 
the  appropriation  for  it.  On  investigation  it  was  found  that  the  law  could  not  be  so 
construed,  aud,  as  the  observer  and  assistant  found  that  he  could  not  spare  the  time 
from  other  duties  to  solicit  advertisements  to  sustain  it,  the  Monthly  Weather  Re- 
view was  discontinued  during  the  entire  year,  but  lately  the  observer  has  arranged 
to  have  the  reports  and  bulletins  printed  in  the  Forest  and  Farm,  a  paper  devoted 
to  the  development  of  the  State,  and  the  May  record  has  already  been  issued  iu  this 
paper. 

The  work  has  not  advanced  as  much  as  could  have  been  hoped  for  it  for  want  of 
such  an  organ  of  publication.  Forecasts  have  been  sent  bv  telegraph  to  an  average 
of  14  stations  dunng  the  year.  Flags  have  been  purchased  at  9  of  those  places,  and 
at  others  old  ones  have  been  used.  The  forecasts  are  also  telephoned  free  of  cost  to 
live  points  in  the  State.  The  haymakers  in  the  prairie  counties  and  the  fruit  grow- 
ers in  all  portions  of  the  State  pay  particular  attention  to  the  forecasts  as  telegraphed 
out,  also  the  wine  growers,  several  of  whom  have  their  addresses  at  the  local  ol39ce 
and  ask  to  be  informed  by  telegraph,  at  their  own  expense,  of  any  indications  of  late 
frosts  in  spring,  so  as  to  enable  them  to  protect  their  vineyards  by  filling  them  with 
smoke  made  from  pine-wood  fires  covered  with  sand  after  they  are  burning  well. 

Full  reports  lirom  instruments  have  been  received  by  mail,  monthlv,  from  about  26 
stations  in  the  State,  and  weekly  reports  of  the  weather  and  its  effect  on  crops,  with 
the  condition  of  the  crops,  are  received  from  nearly  every  county  in  the  State. 

The  weekly  crop-bulletin  has  been  issued  from  April  I  to  December  1,  and  it  is  sent 
to  366  addresses,  in  the  State  and  out  of  it,  and  almost  every  week  letters  are  received 
from  persons  asking  to  be  sent  the  crop  report.  Many  of  these  requests  are  received 
irota.  out  of  the  State,  mostly  from  the  Southern  States  east  of  Arkansas.  This  seems 
to  be  the  most  sought  after  of  all  the  reports  published. 

The  old  observers  have,  in  some  instances,  ceased  to  make  reports,  but  in  most  of 
such  cases  they  have  recommended  some  one  else  to  take  their  place,  and  I  am  glad 
to  say  that,  in  most  cases,  these  have  given  satisfaction.    Some  arrangement  should 
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be  raaao  D^  wbich  a  competent  person  oonld  be  sent  to  a  number  of  places  in  the 
State  to  secure  reliable  observers,  as  it  is  very  difficult  to  find  observers  by  simply 
writing  to  persons  at  a  distance,  while  ^ood  observers  oonld  be  obtained  in  almost 
an.^  town  if  it  were  visited  by  some  one  interested  in  the  work. 

There  has  been  no  assistance  rendered  to  the  service  by  the  State,  but  it  is  hoped 
aud  expected  that  at  the  next  session  of  the  legislature,  which  will  be  in  January, 
either  a  bill  to  provide  for  a  State  service  will  be  passed  or  a  clause  inserted  in  the 
bill  for  the  agricultural  bureau,  by  which  the  weather  service  will  be  allowed  to  re- 
ceive financial  assistance  from  that  department  of  the  State  government. 

The  work  of  the  service  has  been  done  by  the  observer  at  this  station  in  addition 
to  his  other  duties,  and  he  has  not  been  able  to  devote  that  amount  of  time  to  it 
which  is  necessary  to  increase  its  efficiency,  and  be  should  be  allowed  more  help  for 
this  purpose  if  it  can  possibly  be  done.  Professor  Branner  says  that  it  was  promised 
him  that  another  assistant  would  be  allowed  at  this  station  to  permit  the  observer  to 
give  more  attention  to  the  State  service,  but  none  has  been  sent  yet. 

The  benefits  of  the  service  are  fully  known  to  but  a  small  percentage  of  the  people 
of  the  State,  but  where  they  are  fully  or  in  part  known  they  are  highly  appreciated 
and  taken  advantage  of  in  numerous  ways.  The  Monthly  Weather  Review  is  re- 
garded as  a  publication  to  be  implicitly  relied  on  as  a  record  of  the  weather  and  as  a 
guide  for  future  years. 

M.  F.  LOCKK. 

Director. 
W.   U.    SiMOXS, 

Sergeantj  Signal  CorpSf  AaaietanL 

CALIFORNIA. 

A  weekly  weather-crop  bulletin  service  has  been  organized  in  California,  and  the 
following  is  a  sample  bulletin  : 

WEEKLY  C&OP  BULLETIN. 

« 

Sacramento,  Cal.,  August  23,  1890. 

Upper  Lake. — C.  H.  Hammond :  Grapes  doing  well,  and  will  be  a  large  crop  for  the 
small  acreage  here. 

Xaiuier.— -W.  M.  Baker :  First  car  load  of  Bartlett  pears  and  other  fruits  being 
shipped  east  yesterday,  the  22d. 

Orangevale. — J.  W.  Audersou :  Picking  late  peaches ;  crop  very  good.  Oranges  do- 
in^  well ;  figs  and  pruues  above  the  average. 

Lodi. — Ezra  Fiske :  The  grain  harvest  is  done ;  yield  about  half  the  average  crop. 
Grapes  ripening ;  prospects  for  a  full  crop. 

Denverton, — S.  K.  Nurse:  Warehouse  receipts  for  northern  Solano  county  and  the 
Montezuma  hills  indicate  less  than  half  a  crop  of  grain. 

Kapa  City. — William  H.  Martin :  Weather  favorable  for  the  grain  and  fruit  crops. 
Potatoes  doing  well.    Still  shipping  fruit  east. 

Santa  Bosa, — 0.  C.  Farmer:  Fruit  crop  turning ont  much  better  than  expectod. 
Peaches  all  gathered.    Pruues  look  fine. 

Chino. — John  Wasson  :  The  temperature  and  snnshine  during  the  past  week  have 
a  decided  effect  upon  the  curing  and  ripening  of  the  deciduous  fruit  crop. 

James  A.  Barwick, 
Sergeant,  Signal  Corps,  Observer. 

[Cironlar  letter  to  the  crop  oorrespoodents  of  Callfomia.) 

Sacramento,  Cal.,  August  23,  1890. 
To  the  Voluntary  Crop  Observers  : 

Gentlemen  :  As  the  crops  are  about  all  harvested,  and  a  great  many  of  the  observ- 
ers have  ceased  sending  their  crop  reports,  I  deem  it  advisable  to  bring  the  weekly 
crop  bulletin  to  a  close  for  the  present  season ;  and  in  doing  so  allow  the  Chief  Sig- 
nal Officer,  General  A.  W.  Greely,  through  me,  to  thank  you  very  kindly  for  the 
promptness  with  which  you  have  rendered  your  reports,  and  hope  that  you  will 
assist  next  year  in  getting  an  earlier  start  on  the  weekly  crop  reports,  thereby  bene- 
fiting the  State  earlier  in  the  season  than  we  did  the  present  one. 
Very  respectfully,  your  obedient  servant^ 

James  A.  Barwick, 
Sergeant,  Signal  Corps,  Obsercer. 
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COLOKADO. 

CoLOBADo  Springs,  Colo.,  July  9, 1890. 

General  :  I  have  the  honor  t>o  submit  the  usual  annual  statement  of  the  work  of 
the  Colorado  weather  service.  The  inclosed  report  of  Sergeant  Miller  embraces  full 
statistical  details,  and  little  if  anything  else  is  needed  on  my  part,  except  to  give  an 
account  of  the  relation  sustained  by  the  service  to  the  State  government.  On  July 
1,  18b9,  the  act  of  the  previous  legislature  took  effect,  by  which  the  State  weather 
service  was  organized  under  the  supervision  of  the  board  of  agriculture,  aud  $1,000 
ptir  annum  appropiriated  for  its  expenses.  Not  long  after,  the  legiiSlature  having 
dissolved,  a  question  of  legality  was  raised  respecting  the  appropriation  bills  in 
general,  and  all  were  submitted  to  the  state  supreme  court  and  a  class  of  appro- 
priations including  that  for  the  weather  service  was  disallowed.  We  are  at  present, 
therefore,  as  before  this  year,'  without  State  dnancial  support,  though  we  have 
gained  State  recognition,  which  it  is  hoped  may  be  renewed  with  better  effect  at  the 
next  legislative  session  convening  January,  1891. 
Very  respectfully,  * 

F.  H.  Loud. 
IHreoior  Colorado  8tato  Weather  Service. 

[Inolotare  Ifo.  1.] 

Colorado  Springs,  Colo.,  July  1,  1890. 

Sir  :  I  have  the  honor  to  submit  herewith  the  report  and  papers  required  by  par- 
agraph 4  **  general  instructions  relative  to  the  cooperation  of  the  Signal  Service 
with  State  weather  services."  Your  letter  oT  June  9,  1890,  relative  to  reporting  the 
date  of  planting  and  harvesting  the  principal  crops  of  the  State,  was  rot  handed  me 
until  the  20th  of  June,  so  that  tnere  was  no  time  to  collect  this  data  before  the  close 
of  the  year  in  time  for  this  report.  I  have  written  to  the  State  Board  of  Agriculture, 
for  the  information,  in  general,  and  as  soon  as  it  is  received  here  will  forward  same 
to  your  office.  ' 

Sergeant  W.  T.  Sherwood  was  relieved  from  duty  with  the  Colorado  service  on  Oc- 
tober 18,  1889,  by  myself.' 

Inclosed  herewith  are  the  following  papers,  viz : 

Inclo»ure  1.— List  of  stations,  arranged  by  counties  alphabetically,  ^ving  the 
names  of  observers,  with  kind  of  instruments  at  station,  by  whom  owne^  and  kind 
of  report  received  from  each  office. 

Ineloaure  2. — Alphabetical  list  of  stations  with  names  of  observers,  which  uiay  per- 
haps be  convenient  for  use  at  the  Office  Chief  Signal  Officer,  as  it  gives  a  corrected 
list  of  stations  and  names  for  the  ''Weather  Keview"  at  the  end  ot each  quarter. 

Jnchsure  3. — List  of  persons,  with  post  office  address,  receiving  the  '^  Monthly 
Weather  Review."  As  is  noted  thereon,  there  are  6  persons  now  receiving  the  '^  Re- 
view "  not  entitled  thereto.  There  are  some  40  of  these  rainfall  observers,  aud  shortly 
the  number  will  be  nearer  60  as  I  have  still  a  number  of  Geological  Survey  gauges  to 
place,  furnishing  data  with  very  fair  regularity  and  much  care,  and  it  is  respectfully 
recommended  that  the  ''  Review  "  sent  to  the  six  persons  above  referred  to  bed  iscou- 
tinued,  and  about  15  copies  of  the  publication  be  sent  this  office  to  be  mailed  by  me 
to  15  of  this  class  of  observers,  they  to  return  them  to  this  office  when  they  will 
be  sent  to  a  second  15,  etc.,  until  all  have  had  the  benefit  thereof.  This  would  be  a 
good  use  to  make  of  the  additional  *' Reviews"  and  I  hope  they  can  be  spared  for 
this  purpose,  as  the  observers  do  work  that  is  especially  valuable  in  direct  connection 
with  investigations  now  being  pursued  by  various  departments. 

Weather  signals  are  displayed  in  the  State  as  follows : 

Bethel  &  Elliott,  Greeley ;  The  Mayor,  Julesbnrg ;  Captain  S.  C.  Aldrich,  Monte 
Vista. 

Very  respectfully,  your  obedient  servant, 

W.  S.  Miller, 

Sergeant,  Signal  Corp8, 
[Incloflure  No.  2.] 

Datee  of  planting  and  hxrvesting  principal  orope  in  Colorado, 

Spring  wheat  is  sown  in  northern  Colorado  from  February  15  to  April  1 ;  in  south- 
ern Colorado  from  February  1  to  April  1 ;  harvest  in  Au^st. 

Oats  are  sown  during  March  and  April  and  harvested  in  August. 

Corn  is  planted  from  the  latter  part  of  April  to  the  15th  of  May  and  harvested  in 
early  September. 

Potatoes  are  planted  any  time  during  May  and  harvested  in  October. 

Spring  rye  is  sown  in  March  and  harvested  late  in  July  or  early  in  August. 

Winter  rye  is  sown  from  July  1  to  end  of  September  and  harvested  the  succeeding 
June  or  July. 

Millet  is  sown  from  May  25  to  June  15  and  harvested  in  September. 

11946— SIG  90 ^15 
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IXiUNOIS. 

BPEiKaFixu),  Ii«L.,  Juljf  3,  1890. 

Sir:  In  oomplianoe  with  iDstmctions  received,  I  have  the  honor  to  make  the  fol- 
lowing report  relative  to  the  Ulioois  weather  service  for  the  year  ending  Jane  30, 
1890 : 

But  little  change  has  been  made  in  the  work  of  this  service  daring  the  pabt  year. 
Reports  have  been  received  on  an  average  from  abont  40  voluntary  observers.  Forms 
18^1-C  and  122-1,  made  ap  from  these  reports,  have  been  forwarded  to  Washington  on 
the  15th  of  each  month. 

Beginning  December,  1889,  having  been  anthorized,  I  commenced  issaing  a  monthly 
repoi*t,  cyclostyled,  for  distribution  amon^  the  observers  reporting,  and  to  the  vari- 
ous State  weather  centers.  (Copy  of  form  inclosed,  marked  A.)  A  summary  of  the 
report  is  also  issued  to  the  newspapers  throughout  the  State.  The  crop  bulletins 
have  been  issued  regularly  during  the  growing  season,  200  of  which  are  published 
weekly  and  distributed  to  the  observers  and  the  principal  newspapers  throughout  the 
State.  These  bulletins  are  publi^ed  regularly  in  full,  by  the  principal  newspapers 
in  the  State.  A  summary  of  the  bulletin  is  also  published  in  the  St.  Louis  Globe- 
Democrat.  This  part  of  the  work  is  greatly  appreciated  by  those  interested.  The 
data  used  in  making  up  these  bulletins  is  furnished  by  the  voluntary  observers,  rth 
ports  being  received  from  about  27  counties.   Inclosed  find  copy  of  bulletin  marked  B. 

The  weather  forecasts  and  warnings  are  telegraphed  daily,  except  Sundays,  at  the 
expense  of  the  Government,  to  the  leading  points  in  the  State,  and  as  a  general  thing 
have  been  greatly  appreciated  by  the  citizens.  Inclosed  find  list  of  places  furnished 
with  forecasts,  marked  C. 

I  also  inclose  herewith  a  list  of  observers  reporting  (inclosure  marked  D.) 

Average  dates  of  planting  and  harvesting  principal  crops  in  Illinois :  Wheat  plant- 
ing, September ;  harvesting  about  June  15.    Oats  planting,  May  1 ;  harvesting  about 
July  15.    Corn  planting,  May  10 ;  harvesting  about  November  1. 
Very  respectfully,  your  obedient  servant, 

John  Craig, 
Serfftantj  Signal  Carjts, 

INDIANA. 

Purdue  University, 
La  Fayeiie,  Ind,.  June  30,  1890. 

Sir  :  I  have  the  honor  to  report  the  following  in  regard  to  the  Indiana  weather 
service : 

The  service  is  under  the  management  of  the  Agricultural  experiment  station  at 
Purdue  University,  cooperating  with  the  U.  S.  Signal  Service,  and  voluntary  observ- 
ers tbrouohont  the  State.  The  voluntary  reports  have  been  well  maintained  during 
the  year,  and  two  more  barometer  and  four  more  anemometer  stations  have  been 
added.  The  ratio  of  stations  in  the  northern  part  of  the  State  is  higher  than  in 
previous  years. 

The  Hcrvice  continues  to  issue  a  monthly  bulletin  and  a  weekly  crop  report.  This 
report  is  publinhed  by  the  Indiana  Farmer,  and  is  supplied  to  all  newspapers  on  Mon- 
days. Many  papers  are  publishing  this  report  in  part  or  as  a  whole,  and  the  material 
is  highly  appreciated  by  those  indirectly  as  well  as  directly  interested  in  agriculture. 
In  December,  1^89,  a  summary  of  the  temperature  and  precipitation  at  as  many 
point-s  in  the  State  as  possible  was  made,  using  all  available  records.  Tbesummaiy 
was  found  very  useful  and  was  highly  approved  by  the  Census  Department.  It  is 
published  as  a  special  sheet  in  the  bulletin  for  December,  1889. 

From  all  sides  come  expressions  of  approval  of  the  forecast  displays,  and  these 
indications  are  lieing  more  and  more  valued  by  business  men. 

The  success  of  the  service  is  very  largely  due  to  the  prompt  and  efficient  work 
done  by  observer  C.  F.  R.  Wappeuhans,  who  is  detailed  to  act  as  assistant.  During 
the  year  many  calls  have  been  made  on  him  for  special  work  outside  of  the  ofiice 
routine  and  the  special  calls  have  been  very  promptly  met. 

I  would  alKo  acknowledge  the  valuable  services  of  the  voluntary  observers  who 
furnish  reports  both  weekly  and  monthly,  as  well  as  summaries  of  observations  in 
previous  years. 

To  the  Chief  .Signal  Officer  we  are  indebted  for  stationery,  instruments,  assistants, 
telegrams,  and  other  aids. 

A  copy  of  the  bulletin  for  December,  1889,  and  the  latest  monthly  and  weekly  crop 
bulletins  are  inclosed. 

Very  respectfully  submitted. 

H.  A.  Huston,  Director, 

C.  F.  R.  Wappexhans, 

Sergeant,  Signal  Corps,  AaeietanL 
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IOWA. 

De6  Moznxs,  Iowa,  July  1, 1890. 

Sik:  Iu  compliance  with  yoar  request  I  have  the  honor  to  transmit  herewith  the 
first  annual  report  of  the  Iowa  weather  and  crop  service. 

The  initial  steps  were  taken  last  year  to  place  Iowa  in  line  with  other  States  in 
the  maintenance  of  a  local  service  cooperating  with  the  U.  S.  Signal  Service. 
Under  direction  of  the  Chief  Signal  Officer,  Observer  George  M.  Chappel,  of  the  Des 
Des  Moines  station,  aided  l)y  Secretary  Shaffer,  of  the  State  Agricultural  Society,  the 
Des  Moines  Commercial  Exchange,  and  a  number  of  public-spirited  citizens,  under- 
took the  collection  of  weather  and  crop  reports  from  all  parts  of  the  State,  so  far  as 
practicable;  and  the  substance  of  these  was  embodied  in  weekly  bulletins  which 
were  published  and  circulated  during  the  crop  season  for  the  benefit  of  producers 
and  shippers  of  farm  producta.  This  attracted  public  attention  and  led  to  the  passage 
of  an  act  by  the  twenty-third  general  assembly  establishing  the  Iowa  weather  and 
crop  service,  the  scope  and  purpose  of  which  are  set  forth  in  the  following  sections 
of  chapter  29,  session  laws  of  1890: 

'^Beit  enacted  by  the  general  assembly  of  the  State  of  Iowa : 

**Sbg.  2.  That  there  be  and  is  established  in  the  State  of  Iowa,  under  the  super- 
vision of  the  board  of  directors  of  the  State  Agricultural  Society,  a  weather  and  crop 
service,  cooperating  with  the  Signal  Service  of  the  United  States,  for  the  purpose  of 
collecting  crop  statistics  and  meteorological  data,  and  more  widely  disseminating 
the  weather  forecasts  and  storm  snd  frost  warnings  for  the  benefit  of  producers  and 
shippers  of  perishable  products,  and  to  promote  a  general  knowledge  of  meteorolog- 
ioal  science  and  the  climatology  of  the  State. 

**  Ssc.  3.  That  the  central  station  of  said  weather  and  crop  service  shall  be  in  the 
city  of  Des  Moines,  under  the  charge  of  a  director  and  an  assistant  director,  the  said 
director  to  be  appointed  by  the  governor  for  the  term  of  two  years  upon  the  recom- 
mendation of  the  said  board  of  directors  of  the  State  Agricultural  Society ;  and  the 
assistant  director  to  be  an  officer  of  the  United  States  Signal  Service  who  may  be 
detailed  for  that  purpose  by  the  Chief  Signal  Officer  at  Washington,  District  of 
Columbia. 

'*  Sec.  4.  That  the  said  director,  co^peratin|^  with  the  secretary  of  the  State  Agri- 
cultural Society,  shall  establish  volunteer  stations  throughout  the  State  to  the  num- 
ber of  one  or  more  to  each  county,  and  shall  appoint  observers  thereat.  And  the 
said  director  shall  supervise  said  volunteer  stations,  receive  reports  therefrom  of 
meteorological  events  and  crop  conditions,  tabulate  the  same  for  public  record,  and 
shall  issue  weekly  weather  crop  bulletins  during  the  season  from  April  first  to  October 
first ;  and  he  shall  also  edit  and  cause  to  be  published  at  the  office  of  the  State  printer 
a  monthly  weather  and  crop  review,  containing  meteorological  and  agricultural 
matter  of  public  interest  and  educational  value.  And  it  shall  be  the  duty  of  the 
State  printer  to  issue  copies  of  said  review  to  the  number  of  one  thousand  for  distri- 
bution from  the  office  of  said  agricultural  society ;  and  the  directors  of  said  society 
may  in  their  discretion  cause  to  be  published  a  larger  number  of  copies,  to  be  deliv- 
ered to  subscribers  at  a  price  sufficient  to  defray  the  expense  of  publishing  the  same, 
the  proceetls  to  be  expended  for  that  purpose  only. 

**  Sec.  5.  That  the  said  director  shall  also  compile  an  annual  report,  addressed  to  the 
governor,  to  be  printed  and  bound  in  the  office  of  the  State  printer,  in  such  manner 
as  the  executive  council  may  direct,  said  report  to  contain  a  complete  review  and 
summary  of  the  results  of  the  year's  labors  and  observations. 

''Sec.  6.  That  there  is  hereby  appropriated  the  sum  of  two  thousand  and  five  hun- 
dred dollars  per  year  for  the  period  of  two  years  to  carry  into  effect  the  provisions  of 
this  act.'' 

On  recommendation  of  the  directors  of  the  State  Agricultural  Society,  in  conipliance 
with  the  terms  of  the  above  act,  the  governor,  on  June  4,  1890,  appointed  J.  K.  Sage 
director  of  the  new  Rervice,and  the  Cmef  Signal  Officer  designated  observer  George  M. 
Chappel,  of  the  Des  Moines  signal  station,  to  aerve  as  assistant  director. 

The  work  of  organization  has  been  prosecuted  as  far  as  possible  within  the  limited 
period  since  the  date  on  which  the  act  Itecame  operative.  The  number  of  weather 
crop  voluntary  observers  reporting  weekly  during  the  season  is  now  130,  and  addi- 
tions to  the  list  are  being  made  every  week.  For  the  monthly  meteorological  report 
full  tabulated  returns  as  to  pressure,  temperature,  and  precipitation  are  received  from 
forty  stations,  in  addition  to  the  five  signal  stations  located  within  this  State  and 
contiguous  thereto. 

In  addition,  monthly  reports  as  to  crop  condition,  acreage,  etc.,  are  received  from 
nearly  twelve  hundred  correspondents,  representing  every  county  within  the  State. 

Tlie  first  issue  of  the  monthly  review,  in  form  of  a  double  number,  covering  April 
and  May,  1890,  is  herewith  transmitted,  in  which  is  published  a  list  of  persons  serv- 
ing as  voluntary  observoi's  and  crop  correspondents. 
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I  also  hftye  the  honor  to  iDclose  a  copy  of  the  weather  crop  balletin,  the  regular 
weekly  edition  of  which  now  numbers  1,150.  Copies  of  these  weekly  and  monthly 
publications  are  mailed  to  the  newspapers  of  the  State,  in  many  of  which  summaries 
of  the  bulletins  are  published,  and  in  the  State  Register,  a  paper  of  large  circulation, 
they  are  printed  in  full  every  week.  This  gives  a  wide  dissemination  to  the  irai)or- 
tant  matter  therein  contained. 

The  press  of  this  State  have  very  generally  spoken  in  highly  appreciative  terms  of 
this  service,  and  their  generous  cooperation  is  very  helpfal  in  the  work  of  organizing 
and  carrying  into  effect  the  spirit  and  intent  of  the  law. 

There  are  fiftv-six  stations  within  the  State  at  which  daily  forecasts  are  received 
and  th&  flags  of  the  service  are  displayed.  The  director  hopes  to  add  to  this  list 
within  the  year. 

The  director  takes  this  opportunity  to  express  to  the  Chief  Signal  Officer  his  high 
appreciation  of  the  ability,  zeal,  and  untiring  industry  of  Observer  George  M.  Chap- 
pel,  to  whom  the  State  service  is  largely  indebted  for  its  present  degree  of  ethciency. 
His  labors  are  altogether  too  arduous,  and  if  practicable  he  should  be  relieved  wholly 
of  all  routine  work  of  the  station  and  allowed  to  give  his  entire  time  to  the  State 
service;  or  he  should  be  furnished  another  assistant,  competent  to  assume  the  cler- 
ical dtities  he  is  now  compelled  to  perform.  In  making  this  suggestion  the  director  is 
aware  that  this  State  is  already  largely  indebted  to  the  Signal  Service  for  numerous 
favors  that  are  duly  appreciated. 

It  is  hoped  that,  when  fully  organized,  this  State  cooperating  bureau  will  be  able 
to  reciprocate  an4  render  to  the  national  service  at  least  a  partial  equivalent  for  the 
many-  benetits  received. 

1  have  the  honor  to  be,  very  respectfnlly,  your  obedient  servant, 

J.  R.  Saok, 

Director, 
6.  M.  Chappel, 
Sergeant f  Signal  Corps^  Assitttant. 

KANSAS. 

Washburn  Collxge, 
Topeka,  Kans.y  July  t,  1890. 

Sir  :  I  have  the  honor  to  submit  the  inclosed  report  of  the  Kansas  weather  service 
for  the  past  year. 

During  the  past  year  the  weather  service  of  Kansas  has  continued  its  work  on  sub- 
stantially the  same  basis  as  indicated  in  former  reports.  The  cooperation  of  observ- 
ers is  voluntary  in  all  oases,  while  the  field  and  office  work,  the  compilation  of  reports 
and  construction  of  precipitation  charts  has  been  mainly  in  ctiarge  of  my  assistant, 
Sergt.  T.  B.  Jennings,  of  the  Signal  Corps. 

The  State  board  of  agriculture  has  included  our  meteorological  summaries  in  its 
monthly  crop  bulletin  and  in  the  c|uarterly  and  biennial  reporta.  Independent  of 
these  publications  the  weather  service  has  issued  a  weekly  weather  crop  bulletin  in 
cyclostyle  print  accompanied  by  precipitation  charts.  These  have  been  distributed 
as  widely  as  possible  among  the  observers,  the  newspapers  of  the  State,  and  others  in- 
terested in  the  work. 

A  larger  precipitation  chart  is  issued  monthly  in  connection  with  the  reports  of  the 
State  board  of  agriculture.  These  graphic  presentations  of  important  phenomena 
are  highly  appreciated  by  those  who  receive  them. 

The  central  office  of  the  service,  at  Washburn  College,  Topeka,  has  an  advantage 
not  only  in  being  at  the  State  capital,  but  in  having  available  the  scientific  apparatus 
of  the  college  and  the  counsel  and  cooperation  of  its  faculty. 

During  the  year  12,500  of  the  weekly  bulletins  were  issued  and  60,000  of  the 
monthly.    The  former  were  also  widely  copied  into  the  newspapers.      ' 

We  have  at  present  98  operating  observing  stations,  14  having  been  discontinued 
dnriug  the  year,  through  the  death  or  removal  of  observers,  and  15  new  stations  have 
been  added.  About  15  more  will  soon  be  put  in  operation,  thus  giving  noarlj  all  the 
counties  in  the  State  a  representation  in  th?  service. 

There  is  yet  much  to  be  desired  in  consolidating  the  meteorological  work  of  the 
State.  The  State  Horticultural  Society  and  State  board  of  health  have  each  great 
need  of  knowing  the  climatic  conditions  of  the  State  and  are  not  as  yet  in  vital  co- 
operation with  the  State  service.  This  will,  donbtless,  come  when  the  work  is  recog- 
nized by  the  State  legislature  and  given  a  legal  status  and  supported  by  adequate 
ai)propriations. 

As  it  now  stands  the  State  weather  service  helps  to  bring  to  the  public  apprecia- 
tion the  wider  work  of  the  U.  S.  Signal  Service  and  to  distribute  the  forecasts  sent 
out  from  Washington. 

These  indications  are  gradually  proving  thoir  value  and  increasing  in  accuracy  and 
will  be  more  serviceable  as  they  are  better  known  and  understood. 
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The  Rock> Island  Railroad  system  in  Kansas  has  to  some  extent  introduced  weather 
signals  on  its  moving  trains  and  we  believe  with  considerable  snccess.  Doubtless 
the  cooperation  of  all  onr  railway  lines  wonid  contribute  maoh  to  show  the  progress 
of  storms  and  also  to  give  warning  of  their  approach.  We  have  fonnd  a  ready  appro* 
elation  of  otir  work  among  railway  officials,  and  think  that  a  onion  of  effort  may  soon 
be  effected. 

This  report  wonld  be  incomplete  wlthont  a  word  of  commendation  of  the  many  ex- 
cellent observers  who  have  contributed  so  much  to  bnild  ap  oar  weather  service. 
Inspired  by  a  love  of  scientific  Inquiry,  they  have  continued  their  observations  from 
month  to  month  with  unflagging  zeal,  many  of  them  never  failing  to  send  the  reports 
in  time,  and  all  showing  markea  improvement  in  accuracy  and  fullness. 
Very  reepectf ullyi  ^ 

J.  T.  LOVXWSLL, 

I)ireotar, 
T.  B.  Jennings. 
Sergeant,  Signal  Corps,  Assistant 

KENTUCKY. 

LouisviLTJC,  Ky.,  July  1, 1890. 

Sir:  The  director  of  the  Kentucky  weather  service  reports  that  there  are  now 
nineteen  voluntary  observers  who  report  to  this  office  with  commendable  regularity, 
and  are  manifesting  Increased  interest  and  accurauy  in  the  work. 

Frost-warning  flags  were  distributed  to  about  100  stations,  and  warnings  were 
sent  to  the  displaymen;  in  addition  to  which,  these  warnings  were  sent  by  tele- 
graph, telephone,  and  special  messengers  to  about  150  other  places.  These  warnings 
were  highly  appreciated,  and  were  the  means  of  saving  large  quantities  of  tobacco. 
In  but  one  neighborhood  did  frost  fail  to  appear  as  predictea,  and  some  tobacco  was 
cut  before  maturing,  thereby  causing  a  loss  to  planters  which  they  are  slow  to  for- 
give. In  other  places  the  planters  and  traders  are  enthusiastic  in  praise  of  the 
warnings  given.  About  75  letters  have  been  received  expressing  the  high  apprecia- 
tion of  .the  service  entertained  bv  the  writers,  and  expressing  a  hope  that  the  frost 
warnings  would  be  continued  and  more  widely  distributed. 

Efforts  were  made  to  obtain  a  State  appropriation  for  the  State  weather  service, 
but  ignorance,  prejudice,  and  parsimony  triumphed.  In  view  of  the  fact  that  the 
legislature  refnsed  to  grant  any  appropriation,  the  Polytechnic  Society  refused 
longer  to  publish  a  weather  bulletin  at  its  own  expense. 

The  weekly  crop  reports  are  highly  appreciated.  About  350  copies  are  now  issued 
every  week.  Special  requests  for  these  reports  have  been  received  from  the  leadiug 
tobacco  exchanges,  boards  of  trade,  and  agricultural  and  commercial  papers  through- 
out the  country. 

A  systematic  effort  is  now  being  made  to  increase  the  number  of  observers  and 
crop  reporters.  It  is  very  difficult  to  obtain  men  of  sufficient  intelligence  and  scien- 
tific knowledge  who  will  undertake  the  work  of  an  observer,  but  it  is  confidently 
believed  that  the  right  parties  will  be  found  in  many  places.  Since  the  State  service 
wan  organized  instruments  have  been  furnished  to  about  50  observers,  but  only 
about  20  were  found  competent  and  faithful,  and  the  instruments  have  been  recalled 
from  all  the  others.    Increased  care  is  now  taken  before  sending  out  instruments. 

The  press  of  the  State  has  almost  without  exception  manifested  a  great  Interest  in 
the  service,  and  in  a  large  number  of  the  State  papers  the  crop  reports  are  regularly 
published. 

It  is  believed  that  the  character  of  the  weather  forecasts  is  better  understood  than 
heretofore  and  more  confidence  is  felt  in  them.  The  remarkable  prediction  of  the 
great  atmospheric  disturbance  and  destructive  winds  on  the  day  preceding  the 
tornado  that  swept  over  this  city  March  27  was  the  subject  of  much  comment,  and 
led  to  a  higher  appreciation  of  the  Signal  Service. 

Inclosed  I  have  the  honor  to  inclose  a  list  of  the  voluntary  observers  now  taking 
daily  observations,  and  also  a  list  of  the  names  of  persons  receiving  the.  forecasts, 
etc.,  June  30. 

Respectfully, 

E.  A.  Grant, 
Director  Kentucky  State  1  feather  Service. 

Frank  Burkr, 
Sergeant,  Signal  Corps,  Assistant. 

LOUISIANA. 

New  Orleans,  La.,  June  30,  IrtOO. 

Sir:  I  have  the  honor  to  render  the  following  annual  report  of  the  work  of  the 
Louisiana  weather  service  for  the  year  ending  June  30,  1890. 
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There  were  56  statioiis  in  operation  on  Jane  IM,  18^,  but  ovirintc  to  a  nambei  of 
sets  of  inntrttmeuts  having  been. broken  daring  the  year,  and  the  fact  that  in  some  of 
the  interior  parishes,  far  remoTed  from  railroad  and  telegraph  facilities,  where  bat 
little  interest  conld  be  manifested  owing  to  delay  in  receipt  of  mails  that  stations 
were  abandoned,  the  nnmber  of  active  stations  at  this  date  is  49. 

There  has  been  a  marked  improvement  in  the  making  of  observations  daring  the 
year,  and  at  date  there  is  no  observer  on  the  list  who  is  not  qaalificd  to  make  com- 
plet>e  meteorological  observations  and  who  does  not  thoroughly  understand  the 
work.  '  ( 

The  publication  of  the  moathly  reports  throngh  the  issue  of  a  paper  supported  by 
private  enterprise  has  been  continoea  during  the  year,  and  the  one  great  advantage 
in  this  manner  of  publication  is  that  the  ''I^uisiana  Weather  Journal ''  was  issued 
regularly  on  the  10th  of  each  month,  giving  the  information  contained  therein 
promptly  to  the  public.  The  monthly  issife  was  1,500  copies,  excluding  the  copies 
ordered  by  the  railroads,  immigration  associations,  etc.,  in  advertising  the  clima- 
tology of  Lionisiaoa. 

The  weekly  weather  crop  bulletins  are  issued  during  the  growing  and  harvesting 
seasons,  and  continue  to  be  verv  favorably  received  by  the  public.  Throngh  the  cour- 
tesy of  the  several  directors  of  State  services  this  office  has  been  able  to  furnish  the 
prominent  exchanges  and  commercial  bodies  of  this  city  with  copies  of  the  several 
weekly  weather-crop  bulletins  issued  at  the  different  State  weather  service  head- 
quarters. A  suggestion  to  the  New  Orleans  Cotton  Exchange  resulted  in  that  body 
having  a  special  blackboard  map  prepared,  to  contain  the  different  Stat-e  bulletins 
prominently  posted  for  the  benefit  of  the  members,  so  that  all  information  regarding 
the  cotton  and  other  interests  supplied  by  the  services,  cooperating  with  the  SignsS 
Service,  is  kept  on  file  by  that  exchange  and  highly  valued.  In  addition  to  this  the 
city  papers  publish  the  several  weekly  bnlletins,  giving  them  a  thorough  dissemina- 
tion in  this  and  surrounding  States. 

Data  have  been  compiled  during  the  year  from  the  State  service  reports  for  the  immi- 

f  ration  edition  of  newspapers,  the  agricultural  and  commeroial  bodiesof  the  city  and 
tate.  for  railroads  in  claim  cases,  and  the  records  have  seveial  times  been  taken  to 
court  in  connction  with  signal-service  data. 

The  State  service  continues  the  great  disseminator  of  Signal-Service  forecasts,  daily 
weatlior  maps,  and  special  river  and  weather  bulletins.  Weather  maps  are  displayed 
by  observers  of  the  State  service  at  all  towns  that  can  be  reached  in  time  to  make 
the  maps  of  benefit  to  the  several  communities ;  weather  and  temperature  flags  are 
displayed  at  but  eight  towns  in  the  State,  owing  to  the  poor  telegraphic  facilities, 
but  cold-wave  and  frost  warninffs  receive  a  thorough  dissemination  over  the  several 
telegraph  and  telephone  lined,  the  latter  through  the  courtesy  of  the  manager  of  the 
Great  Southern  Telegraph  and  Telephone  Company.  There  are  a  nnmber  of  planters 
who  receive  these  warnings  direct  by  telephone,  prizing  them  too  highly  t'O  rnu  the 
risk  of  free  service,  in  which  they  might  be  overlooked. 

The  frost  warnings  are  of  very  groat  interest  to  the  sugar  interests,  and  the  river 
news  is  eagerly  sought  for  by  the  river  men  and  by  the  rice  men  in  case  of  ex- 
treme high  or  low  water.  The  cotton  interests  are  not  affected  except  in  case  of  an 
early  frost  (killing),  and  there  is  less  interest  displayed  by  north  Louisiana  in  the 
warnings  of  the  Signal  Service  than  by  south  Lonisiana. 

The  great  sugar  belt  of  Louisiana  covers  a  section  of  the  State  extending  from 
about  the  thirty-first  parallel  southeastward  nearly  to  the  Gulf.  This  strip  ia  from 
.50  to  75  miles  wide  and  less  than  200  miles  long.  *  In  the  northeastern  portion  of 
south  Lonisiana  vegetables,  strawberries,  corn,  some  cane,  and  rice  are  grown, 
southwest  Louisiana  is  devoting  a  greater  acreage  to  rice  than  any  other  crop,  and 
west  and  north  Louisiana  grow  cotton  and  corn. 

The  flood  of  the  past  spring  has  been  disastrous  to  the  cotton  interests  on  lowlands 
in  east  Lonisiana,  and  to  some  su^ar  plantations  in  southeast  Louisiana.  The  dam- 
age to  the  cotton  is  variously  estimated  at  from  25  to  50  per  cent,  on  the  overflowed 
sections,  and  to  sugar  cane  it  will  be  very  slight.  Crop  conditions  generally  at  this 
date  bespeak  an  average  yield  for  the  State  of  cane,  cotton,  and  corn,  with  an  in- 
creased yield  of  rice. 

The  average  dates  of  planting  and  harvesting  are  as  follows :  Cotton,  planted  Mareh 
1  to  June  1 ;  harvested  from  August  15  to  January  1.  Com,  planted  from  February 
15  to  Juue  1 ;  harvested  from  ^ptember  to  November.  Sugar  cane,  planted  from 
September  to  March ;  harvested  from  October  to  January.  Vegetables,  planted  from 
September  to  February ;  harvested  from  Maroh  to  July.  The  above  are  the  chief 
crops.  Cane  is  planted  at  any  time  ftom  September  to  March,  sometimes  the  seasons 
carrying  it  well  into  March.  Cotton  and  com  are  frequently  ctelayed  by  water  (aa 
this  year  in  overflowed  districts),  and  not  planted  until  «June.  '  Vegetables  are  planted 
mainly  in  the  fall  and  winter  and  marketed  in  spring. 

A  bill  creating  a  State  meteorological  bnreau  and  weather  service  was  defeated, 
owing  to  no  funds  in  the  State  treasury  to  make  an  appropriation  therefor.      The 
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bill  met  irith  favor  on  all  Hides,  and  the  several  inemberB  of  thu  State  legialature 
who  were  interviewed  on  the  subject  stated  that  all  that  could  be  done  to  sec  are  its 
passage  would  be  done ;  but  after. the  general  appropriation  bill  for  the  State  was 
passed  it  was  found  that  there  were  no  funds  available,  and  the  State  servicn  will 
continue  to  be  carried  on  under  the  auspices  of  the  commercial  and  agricultural 
bodies  of  the  State  of  Louisiana. 

The  office  of  the  State  service  continues  with  the  signal  office  at  New  Orleans,  and 
the  force  to  do  the  combined  work  consists  of  four  signal-service  men  and  a  civilian  * 
assistant,  employed  by  the  Signal  Service,  at  f  15  per  month.  This  force  is  entirely 
inadequate  to  perform  the  work  if  regulation  hours  are  to  be  worked.  Th^ assist- 
ants are  young,  ambitious  men,  and  manifest  a  great  interest  in  the  work  of  the  com- 
bined services.  Those  on  duty  at  this  date  are  M.  J.  Wright,  jr.,  P.  H.  Smith,  and 
£.  C.  Easton,  of  the  Signal  Service,  and  Mr.  R.  W.  Cockerton,  civilian  assistant. 

SuggesHans  offered, — ^A  greater  degree  of  accuracy  should  be  attained  in  the  frost 
and  cold-wave  warnings,  so  that  more  reliance  could  be  placed  thereon  by  the 
planters  and  business  communities.  Another  Signal  Service  assistant  should  be  de- 
tailed for  this  office  in  addition  to  the  present  force.  All  State  services,  particularly 
in  the  cotton  region,  should  publish  the  daily  rainfalls  with  their  n^onthly  reports, 
so  that  cotton  men  could  secure  detailed  information  on  this  most  important  adjunct 
to  the  growth  of  the  crop. 

List  of  meteorological  stations,  display  stations — weather  and  temperature,  and 
frost  and  cold-wave — flood- warning  stations,  and  where  maps  are  posted  by  observers 
of  the  State  service,  are  inclosed  herewith. 

Very  respectfully,  your  obedient  servant, 

R.  E.  Kerkam. 
Sergeant,*  Signal  CorpSf  Director* 

MICHIGAN. 

fMichigan  weather  seirioe,  under  the  oootrol  of  the  State  board  of  afj^cnltnre,  coSperating  with  the 

Signal  Service,  U.&  Army.] 

Office  of  the  Director, 
Lansing,  Mich.,  July  1,  1890. 

Sir  :  I  have  the  honor  to  submit  the  following  annual  report  of  the  operation  of 
this  service  for  the  year  ending  June  30,  1890. 

At  the  close  of  the  year  there  are  92  voluntary  observers  reporting  regularly  to  this 
office,  and  10  that  make  irregular  reports,  and  8  stations  of  the  signal  service,  making 
a  total  of  110  stations  now  reporting  to  the  central  office  and  whose  reports  are 
used  in  the  compilation  of  the  monthly  reports  of  the  service.  Of  this  number  there 
have  been  7  new  counties  supplied  with  instruments  during  the  year,  so  that  now 
ail  the  counties  of  the  lower  peninsula  have  regular  observers  appointed,  and  all 
bnt  two  or  three  of  them  making  regular  monthly  reports. 

The  data  which  is  compiled  from  these  monthly  reports  of  the  voluntary  observers 
is  now  being  extensively  used  by  the  different  business  interests  of  the  State,  and 
the  weekly  report  on  the  crop  conditions  has  gained  much  in  popularity  during  the 
year,  and  is  now  extensively  used  by  the  agricultural  interests. 

The  weather  crop  bulletin  was  published  until  the  27th  of  September,  1889,  when 
it  was  discontinued  for  the  season,  and  resumed  again  on  April  5,  1890,  and  has  been 
Issued  each  Satnrday  morning  during  this  season,  and  is  now  sent  to  400  different 
persons  (list  inclosed)  in  and  out  of  the  State. 

This  bulletin  is  now  carefully  watched  by  the  interested  classes,  and  when  posted 
up  in  the  different  public  places  in  the  Stat-e  it  is  carefully  studied.  The  feature  of 
the  weekly  rainfall  chart  is  without  doubt  of  great  importance,  as  it  shows  graph- 
ically the  distribution  of  the  rainfall  over  the  State  during  the  past  seven  days,  and 
has  done  much  in  an  educational  way  to  display  the  varied  distribution  of  rain  in 
this  State,  and  its  consequent  eff^ects  on  different  cereals. 

This  bulletin  is  now  an  established  fact,  and  is  much  used  in  the  State  by  those 
interested  in  agricultural  pursuits,  and  is  one  of  the  strongest  features  of  the  service. 
This  buUistin  gives  the  mean  daily  temperature  for  the  past  seven  dayt*,  and  the 
departure  from  the  normal  as  deduced  from  fifteen  years'  observations  in  the  diff'erent 
portions  of  the  State,  and  the  highest  and  lowest  temperatures  for  the  week,  the 
average  total  rainfall,  and  the  rainfall  chart,  the  amount  of  sunshine,  and  the  resnlt« 
of  the  weather  conditions  on  the  crops  during  the  week,  so  that  with  this  bulletin 
and  chart  before  yon  it  is  possible  to  determine  the  condition  of  the  crops  in  any  hoc- 
tion  of  the  State,  and  the  probable  outlook.  This  feature  did  not  at  first  appear  t.o 
the  farmers,  bnt  it  is  now  becoming  more  generally  understood,  and  a  consequent 
benefit  to  this  class  results.  The  bulletin  will  be  issued  until  the  last  Satnrday  in 
September,  when  it  will  be  discontinued  for  the  season. 

WeatJier  signale, — The  display  of  weather  signals  has  been  continued  to  about  75 
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statioDs  daring  the  year.  42  of  which  were  snpplied  by  telephone^  and  the  remainder 
by  special  telegram,  or  by  having  the  messages  sent  over  the  wires  of  the  different 
railroad  Companies  who  owned  their  wires.  On  Janaary  1  all  the  stations  of  the 
service  were  transferred  to  the  control  of  the  signal  service,  and  has  since  continaed, 
with  better  results,  as  the  reports  are  now  more  regnlarly  rendered  than  heretofore. 
It  was  necessary  to  discontinne  15  stations  for  noncompliance  with  the  regulations  of 
the  service,  but  as  new  applications  have  filled  these  places,  the  number  has  remained 
about  the  same  until  the  last  week  of  June,  when  a  circular  was  issued  from  this 
office  requesting  information  relative  to  the  desire  to  have  the  display  continued  and 
new  stations  established,  and  in  response  there  have  been  27  new  applications  for 
establishing  new  stations  and  a  discontinuance  of  4,,  a  net  gain  of  23  stations  for  the 
week.  As  has  been  before  stated,  but  at  a  time  when  it  was  more  of  an  experiment, 
the  new  ''local  rain  flag''  has  been  received  with  great  favor  by  all  interested  in  the 
general  forecasts,  and  the  reports  are  much  better,  and  a  general  higher  average  of 
correct  forecasts  are  reported  to  this  office.  In  consequence  of  the  very  many  local 
rainfalls  in  this  State  during  the  harvesting  season,  this  flag  has  been  of  no  little 
importance  to  the  farmers  who  use  the  forecasts  in  their  daily  avocations. 

Bailway  weather  siatMls, — This  branch  of  the  service  has  not  been  ezt^^nded  during 
the  year,  and  the  following  roads  are  still  displaying  the  signals  regnlarly  on  the 
sides  of  the  baggage  cars  of  the  early  trains  leaving  terminal  points :  Chicago  and 
Grand  Trunk  Railway;  Detroit,  Grand  Haven  and  Milwaukee  Railway;  Detroit  Di- 
vision, Grand  Trunk  Railway ;  Michigan  Central,  main  line  and  branches,  (2) ;  Chi- 
cago and  West  Michigan  Railway ;  Grand  Rapids  and  Indiana  Railway ;  and  the 
Pontiac,  Oxford  and  Port  Austin  Railway ;  and  to  the  superintendents  of  these 
roads  the  director  wishes  to  extend  his  thanks  for  the  very  valuable  aid  they  have 
always  extended  to  this  service. 

Voluntary  observers. — As  has  been  stated  in  previous  reports,  the  corps  of  voluntary 
observers  of  this  service  is  very  efficient,  and  to  them  in  a  great  measure  belongs  the 
ciedit  of  the  present  high  standing  of  the  service  in  this  State.  The  experiment  of 
making  an  allowance  for  the  expenses  of  voluntary  observers'  stations  has  proved  an 
undoubted  success,  and  has  had  a  marked  effect  on  the  observers,  and  also  on  the 
manner  and  promptness  in  which  the  monthly  reports  are  now  rendered  to  this  office. 
The  reports  are  now  nearly  all  received  by  the  4tn  of  the  month,  and  are  forwarded 
in  good  shape,  so  that  they  can  be  more  readily  computed  and  proved  than  hereto- 
fore. It  also  has  the  effect  of  stimulating  the  observers,  who  see  that  there  is  an 
effort  on  the  part  of  the  director  to  have  their  gratuitous  work  appreciated,  although 
it  be  but  a  small  trifle  each  month.  There  have  been  few^r  withdrawals  and  resig- 
nations during  the  present  year  than  in  the  previous  ones,  and  it  may  be  that  this 
fact  may  account  for  it  in  a  measure,  although  the  minority  of  the  observers  are  suffi- 
ciently interested  in  the  work  to  continue  it  under  any  circumstances,  as  has  been 
shown  by  the  number  of  voluntary  observers  who  have  purchased  their  own  standard 
instruments,  where  it  has  been  impossible  for  the  service  to  supply  them  tor  the 
reason  that  one  set  had  already  been  issued  to  the  county  in  which  they  resided. 

The  records  of  the  service  have  been  called  for  in  several  cases  to  be  used  in  law- 
suits, and  many  calls  for  the  records  of  different  sections  relative  to  the  average  rain- 
fall or  temperature  of  the  sections,  and  for  individual  cases  of  record  as  to  whether 
rain  occurred  on  certain  dates,  in  certain  towns  in  the  State.  These  calls  have  l>een 
promptly  met  with  the  necessary  data,  when  it  was  on  file  at  this  office,  and  several 
letters  on  file  attest  to  the  benefit  it  has  been  to  the  interested  parties. 

The  compilation  of  the  mean  monthly  temperature  charts  from  data  extending  over 
a  period  of  from  one  to  nineteen  years  is  still  in  progress,  and  as  the  work  is  being 
very  carefully  compiled,  and  then  revised  by  the  chief  signal  officer,  it  will  not  be 
completed  until  in  December  this  year,  when  a  complete  set  of  temperature  and  rain- 
fall charts  of  the  State  will  be  finished  and  published  for  the  use  of  the  general  public. 

This  office  is  now  engaged  in  arranging  all  the  reports  so  that  they  may  be  reduced 
to  single  sheets,  and  the  data  extend  over  the  entire  period  of  each  station,  and  these 
sheets  will  be  bound  in  book  form,  so  that  any  call  for  rainfall  or  temperature  data 
from  any  station  in  the  State  can  be  supplied  within  five  minutes  after  the  applica- 
tion is  received.  This  work  has  occupied  most  of  the  spare  time  during  the  pa.st  six 
months,  and  it  will  take  about  three  months  yet  to  complete  the  records  ready  for 
the  binder. 

One  particular  feature  of  the  monthly  work  of  this  service  was  begun  in  May,  and 
that  was  the  plotting  and  publishing  in  the  Detroit  Free  Press  the  monthly  tempera- 
ture and  rainfall  charts,  accompanied  by  a  short  text  relative  to  the  particular  fea- 
tures of  the  month.  These  charts  have  been  published  during  the  last  two  months, 
and  are  as  yet  an  experiment,  but  as  a  means  of  getting  the  information  before  the 
people  at  an  early  date  to  be  used  in  connection  with  th«^  crops,  and  as  an  educa- 
tional feature  relative  to  the  climate  of  the  State,  it  certainly  should  meet  with  an- 
qualified  success.  These  charts  are  published  several  days  before  the  monthly  report 
is  in  press,  and  it  meets  the  eyes  of  thousands,  where  otherwise  it  would  not  be  seen. 

The  progress  of  the  service  during  the  year  has  been  satisfactory,  and  there  is  no 
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doubt  but  that  it  is  gaining  ground  in  tbis  State,  and  the  many  uses  to  which  the 
compiled  statistics  can  be  put  is  being  realized  by  all  as  the  work  of  the  service  is 
understood  and  appreciated. 

In  closing  this  report  I  am  requested  by  the  State  board  of  agriculture  to  express 
to  the  Chief  Signal  Officer  their  appreciation  of  the  interest  he  has  manifested  in  the 
work  of  the  service  in  this  State,  and  to  extend  their  thanks  for  the  serVices  of  the 
detail  made  for  the  purposes  of  assisting  and  carrying  on  the  work  of  the  service, 
and  have  expressed  their  approval  of  the  manner  in  which  the  work  has  been  pushed 
by  your  representative  at  this  station. 

Very  respectfully,  your  obedient  servant, 

N.  B.  CONGBR, 
Sergeant,  Signal  Corps,  Director, 
The  Chief  Signal  Officer, 

Washingtony  D»  C 

MINNESOTA. 

[Minnesota  weather  aervice  in  oodperation  with  the  U.  S.  Signal  Service.] 

t 

United  StxTES  Signal  Service, 

Office  of  the  Observer, 
St  Pauly  Minn.f  July  10,  1890. 

Sir  :  In  compliance  with  paragraph  No.  4  of  general  instructions  to  observers  of 
the  Signal  Corps  serving  with  State  weather  service,  and  circular  letter  from  your 
office  un  the  Dth  ultimo,  I  have  the  honor  to  submit  the  following  as  the  report  of 
this  service  for  the  year  ending  June  30,  1890 : 

The  undersigned  continued  in  charge  of  the  service  during  the  year,  and  it  is  oper- 
ated precisely  as  it  Was  at  the  date  of  last  annual  report,  viz,  as  a  branch  of  Signal 
Service  work,  operated  by  the  aid  and  cooperation  of  voluntary  meteorological 
observers  and  voluntary  crop  weather  correspondents. 

The  stations  at  Brainerd  and  Owatonna  were  discontinued  during  the  year.  The 
closing  of  the  former  was  due  to  sickness  of  the  observer,  and  the  latter  was  discon- 
tinued Oil  account  of  the  removal  of  the  observer  to  Medford,  Minn.,  where  he  con- 
tinued observations. 

Three  new  stations  were  added  during  the  year,  namely,  Crookston,  Montevideo, 
and  St.  Charles.  This  makes  21  stations  from  which  meteorological  reports  are 
received,  including  the  5  Signal  Service  stations.  There  are  45  crop  weather 
reporting  stations  this  season,  and  from  these  an  average  of  :{3  reports  have  been 
received  weekly. 

On  June  30,  there  were  16  weather  signal  display  stations  in  Minnesota,  and  on 
the  same  date  this  office  also  lor  warded  weather  telegrams  to  19  display  stations  in 
the  Dakotas. 

The  monthly  and  weekly  reports  issued  from  the  central  office  are  duplicated  by 
the  cyclostyle  process,  and  a  sufficient  number  of  bulletins  are  made  to  supply  copies 
to  all  newspapers  desiring  to  publish  the  same  and  to  cooperating  observers  or  oor- 
respondents  and  other  individuals.  The  number  of  weather  crop  bulletins  issued 
every  Saturday  is  about  75.  The  bulletins  have  been  printed  quite  regularly  (generally 
in  full)  in  the  St.  Paul  Pioneer-Press,  Globe,  and  Dispatch,  the  Minneapolis  Tribune 
(dailies),  and  the  Chicago  Orange  Judd  Farmer  (weekly),  besides  in  several  county 
papers  of  Minnesota.  The  bulletins  contain  reliable  and  useful  information  in 
regard  to  the  weather  and  crops,  and  the  fact  that  the  newspapers  devote  so  much 
valuable  space  to  them  is  the  best  of  evidence^  that  they  have  grown  in  popularity 
with  business  men  and  citizens  generally.  Otherwise  they  would  not  be  published. 
The  newspapers  also  print  the  monthly  meteorological  reports  or  extracts  from 
them. 

The  State  legislature  meets  biennially,  and  as  there  has  been  no  session  of  that 
body  since  the  spring  of  1889,  of  course  there  has  been  no  legislative  action  with  re- 
gard to  this  service  since  the  last  annual  report. 

The  meteorological  data  collected  by  this  service  serves  to  establish  the  climate  of 
the  State  and  the  counties  where  the  observations  are.  made,  and  as  meteorological 
observations  become  more  valuable  as  they  are  added  to  year  after  year  the  State 
should  provide  funds  to  continue  some  system  of  observations  and  extend  the  same 
to  every  inhabited  county  in  the  State.  A  well  organized  State  system  would  also 
be  advantageous  for  the  better  utilization  of  the  announcements  and  storm  warnings 
of  the  national  service. 

Of  the  16  voluntary  stations  now  cooperating  13  have  not  missed  a  single  report 
during  the  year,  or  in  case  of  new  stations  since  they  commenced  observations,  and 
the  reports  which  were  missed  from  the  other  3  stations  were  due  to  sickness  or 
unavoidable  absence  of  the  observers.  This  rare  devotion  to  the  performance  of  gra- 
tuitous work  for  the  benefit  of  the  public  is  highly  commendable,  and  it  is  gratifying 
to  the  observer  in  charge  to  have  the  cooperation  of  such  public  spirited  citizens. 
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P    The  tabiilatod  n^porfc  herewith  shows  the  names  of  meteorological  stations  and  ob- 
servers, also  the  display  stations  and  displaymen,  etc. 

The  inclosnre  marked  A  is  a  list  of  weather  crop  stations  and  coirespondents. 
Inolosnre  B  shown  the  dates  of  planting  and  harvesting  of  the  principal  crops  raised 
in  Minnesota. 

Very  respectfally,  yonr  obedient  servant, 

John  Heal.t, 
Corporal^  Signal  Ccrp^. 
The  Chief  Signal  Officer, 

WafihingloHf  D.  C, 

MISSISSIPPI. 

United  States  Sioxal  Service, 

Office  of  the  Observer, 
University f  M%S8.,  Juljf  7,  1S90. 

Sir  :  I  have  the  honor  to  make  the  following  report  of  the  worKing  of  the  Missis- 
sippi State  weather  service  for  the  year  ending  June  30,  1890. 

The  State  weather  service  has  grown  steadily  in  the  extent  and  quality  of  the  work 
done  by  the  cooperatiug  observers  and  in  the  estimate  which  is  placed  njion  its  work 
by  the  public. 

The  list  of  observers  who  have'rendered  reports  during  the  last  six  months,  includ- 
ing cotton-recion  observers  who  acted  as  volunteers  during  the  winter  months,  num- 
bers 30,  and  the  stations  are  well  distributed  over  the  State,  Reports  from  these,  to- 
gether with  those  from  4  regular  Signal  Service  stations  within  or  adjacent  to  the 
State,  and  from  8  cotton-region  stations  during  the  crop  season,  are  used  in  making 
up  the  monthly  bulletin  of  the  State  service.  The  co5perating  voluntary  observers 
have  shown  marked  interest  in  the  ^ork,  making  out  their  reports  with  promptness 
and  with  commendable  accuracy. 

Tho'gcnerous  assistance  of  the  Chief  Signal  Officer  has  supplied  many  of  the  stations 
with  self-regiHtering  thermometers  and  rain  gauges  and  has  furnished  all  the  forms 
and  stationery  needed  for  the  work. 

The  Univereity  of  Mississippi  has  continued  to  meet  the  expense  of  publishing  the 
monthly  bulletins. 

The  weekly  weather  crop  bulletins  are  furnished  directly  to  over  one  hundred  and 
fifty  newHpapern,  cotton  exchanges,  and  persons  interested  in  the  staple  crops  of  the 
State.  By  special  request  they  are  sent  to  the  Financial  and  Commercial  Chronicle 
of  New  York  and  to  the  New  York  Herald.  They  are  published  in  the  daily  news- 
papers of  the  commercial  centers  in  this  vicinity.  The  secretary  of  the  Jdemphis 
Cotton  Exchange  voluntarily  expressed  his  thanks  for  them  and  says:  *^  1  keep  them 
on  file  in  our  exchange,  where  they  attract  the  attention  of  our  members  and  are  very 
much  appreciated." 

These  weekly  bulletins,  summarizing  every  seven  days  the  inflaence  of  the  weather 
on  the  cotton  crop  and  stating  its  progress,  seem  to  furnish  to  the  public  the  mot^t 
satiHfactory  information  regarding  its  growth.  Their  publication  in  the  weekly  news- 
papers of  the  State,  which  do  not  generally  publish  the  daily  reports  of  the  Signal 
Service,  constitutes  about  the  only  available  source  of  information  regarding  the  gen- 
eral condition  of  the  cotton  crop  for  the  large  majority  of  producers. 

The  national  weather  service  has  been  of  incalculable  benefit  to  the  people  of  the 
Delta  region  in  this  State  during  the  past  year  in  foretelling  the  extent  and  duration 
of  the  high  water  in  the  Mississippi  River.  The  daily  forecasts  have  been  serviceable 
to  many  who  are  interested  in  the  hay  crop  and  in  the  shipment  of  vegetables.  The 
cold- wave  warnings  are  especially  valuable  to  the  fruit  and  vegetable  interests. 

In  this  connection  it  is  believed  that  storm  warnings  on  the  Gulf  coast  of  the  State 
could  be  made  of  great  value  to  the  shipping  interests  there.  The  fisheries  and  lum- 
ber shipping  give  employment  to  probably  over  five  thousand  boatmen,  for  whose 
protection  these  warnings  would  serve.  The  property  interests  involved  amount  to 
several  raillious  of  dollars. 

The  planting  season  for  cotton  in  this  State  begins  the  1st  of  April  and  extends  to 
the  middle  of  May.  The  planting  season  for  corn  extends  from  the  1st  of  March  to 
the  Ist  ot*  July.  In  the  northern  part  of  the  State  the  planting  season  begins  about 
two  weeks  later  than  the  dates  of  beginning  just  mentioned. 

The  harvesting  season  for  the  crops  mentioned  extends  usually  from  the  middle  of 
August  to  the  Ist  of  November. 

The  Hhipping  of  early  fruitH  and  vegetables  from  the  southern  part  of  the  State 
begins  about  tTie  Ist  of  March. 

Most  respectfully,  your  obedient  servant, 

R.  B.  Fulton, 
Signal  Corps ^  Director  State  Weather  Service, 

The  CiiiKF  Signal  Officer  of  the  Army, 

JVashington,  />.  C, 
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MISSOURI. 

Columbia,  Mo.,  JuJy  3, 1890. 

Sir:  The  Missouri  State  board  of  agrioaltare,  throngh  iU)  Hecretary,  organized,  ia 
cooperation  with  the  Chief  Signal  Omcer,  a  meteorological  department  in  Angiist, 
IScjU.  Through  the  kindness  of  the  board  of  cnrators  of  the  University  of  the  State 
of  Missouri  a  room  in  the  experiment  building,  with  roof  and  ground  privileges  for 
the  exposure  of  instruments,  was  obtained  for  this  Department  free  of  cost. 

Since  September  1,  1889,  this  office  has  continued  the  meteorological  and  weather- 
crop  reports  which  had  been  carried  6n  up  to  that  time  by  the  Signal  Service  ob- 
aerver  at  St.  Louis,  Mo.  • 

The  number  of  meteorological  obseryers  has  increased  during  the  year  from  31  in 
September,  1889,  to  65  in  June,  1890.  Nearly  all  of  these  observers  are  supplied  with 
maximum  and  minimum  thermometers  and  rain  gauges.  Some  of  the  instriitnents 
are  loaned  to  the  State  board  of  agriculture  by  the  Chief  Signal  Officer,  some  belong 
to  the  State  board  of  agriculture,  and  some  belong  to  the  individual  observers.  Be- 
sides the  instruments  at  the  6  regular  Signal  Service  stations,  there  are  1  mercurial 
and  5  aneroid  barometers  and  1  anemometer  in  use  in  the  State. 

A  monthly  meteorological  report  has  been  published,  at  the  expense  of  the  board 
of  agriculture,  each  mouth. 

In  addition  to  supplying  a  number  of  stations  with  instruments  the  Chief  Signal 
OfiBcer  furnishes  this  bureau  with  penalty  envelopes,  blank  forms,  etc.,  for  all  of  its 
stations. 

The  daily  Weather  forecasts  and  ftost  and  cold-wave  warnings  have  been  furnished 
at  Government  expense  to  forty-nine  points  in  the  State  duriu)^  the  year.  Owing  to 
the  poor  telegraphic  facilities  at  the  central  office  the  work  of  distributing  these  tele- 
grams has  been  performed  by  the  Signal  Service  observers  at  St.  Louis  aud  Kausas 
City.  In  addition  to  the  display  of  nags,  these  telegrams  have  been  dissemiuated  in 
a  most  satisfactory  manner  by  means  of  a  system  of  sound  signals  given  by  steam 
whistles.  These  signals  were  first  used  by  Prof.  T.  Berry  Smith,  of  Fayette,  Mo.,  aud 
are  now  being  used  at  a  number  of  places.    The  signal  code  is  as  follows ; 

One-  long  and  one  short :  Fair  and  colder. 

One  long  and  two  short :  Fair  and  warmer. 

Two  long  and  one  short :  Rain  or  snow,  and  colder. 

Two  long  and  two  short :  Rain  or  snow,  and  warmer. 

One  long  alone :  Fair,  stationary  temperature. 

Two  long  alone :  Rain  or  snow,  and  stationary  temperature. 

One  long,  one  short,  and  two  long :  Fair  and  colder,  followed  by  rain  or  snow. 

One  long,  two  short,  and  two  long :  Fair  and  warmer,  followed  by  rain  or 
snow. 

Two  long,  one  short,  and  one  long:  Rain  or  snow,  and  colder,  followed  by  fair. 

Two  long,  two  short,  and  one  long:  Rain  or  snow,  and  warmer,  followed  by 
fair. 

Three  long :  Cold  wave. 

Four  lon^ :  Frost,  and  severe  storm. 

Long  whistles  refer  to  the  weather. 

Short  whistles  refer  to  the  temperature. 
The  weather  crop  bulletin  has  been  issued  Saturday  of  each  week  during  the  crop- 
growing  season,  and  is  proving  of  great  value  to  the  agricultural  and  other  interests 
of  the  State.  .  For  this  bulletin  the  bureau  has  *203  correspondents,  who  report  with 
commendable  regularity.  The  bulletins  are  printed  in  full  or  in  part  in  105  weekly 
newspapers  of  the  State  and  in  12  agricultural  newspapers  of  the  country,  and  are 
roatle  use  of  by  the  three  auxiliary  newspaper  companies.  They  are  also  sent  to 
203 reporters,  to  26  State  weather  services,  and  to  forty  individuals,  iucludiug  members 
of  tbe  State  board  o^  agricultnre,  members  of  the  board  of  curators  and  professors  of 
the  University  of  the  State  of  Missouri,  members  of  merchants^  exchange  aud  railroad 
officials.  On  special  oocusious  the  bulletins  are  t-elegraphed  by  the  associated  press 
to  the  daily  newspapers. 

Dunng  the  year  an  effort  has  been  made  to  collect  all  the  meteorological  observa- 
tions ever  made  in  Missouri.  The  rainfall  data  so  collected  has  been  tabulate<l  and 
will  appear  in  the  annual  report  of  the  State  board  of  agriculture  for  1890,  making 
about  40  pages  of  printed  figures.  It  is  hoped  that  the  temperature  and  other  records 
can  be  published  in  the  next  annual  report. 
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AvERAGK  Dates  of  Planting  and  Harvesting  Crops. 


Crops. 

Date  of  planting. 

Date  of  harvesting. 

Corn 

May  1  to  30 

September  15  to  all  winter. 

July  10. 

July  lb. 

June  i^  to  July  5. 

July  10. 

Up  to  froat. 

July  25. 

Grasset} ...... 

Oats 

March  15  to  April  1 

September  15 

Wheat 

Flax 

May  15 

Cotton ..---. 

Mav  15  to  June  1.... 

Watermelons 

April  1 

Levi  Chubbcck, 

IHrector. 
A.  L.  McRae, 
Sergeant,  Signal  Corps,  AssittanU 


NEBRASKA. 


•  BoswBLL  Observatory, 

CreU,  yebr.,  July  22,  1890. 

Dear  Sir:  I  have  the  honor  to  transmit  herewith  the  report  of  the  operations  of 
the  Nebraska  weather  service  for  the  year  ending  June  30,  1890. 

During  the  past  year  effort  has  been  directed  chiefly  to  the  increase  and  better  diH- 
tribution  of  reporting  stations.  In  the  early  history  of  this  service  there  were  viry 
few  stations  exctept  in  the  eastern  aud  southeastern  sections  of  the  State  ;  and  even 
until  very  recently  the  stations  in  the  western  portion  have  been  few  and  scattered. 
During  the  year  there  has  been  a  more  systematic  effort  to  fill  these  gaps  and  to  cover 
the  State  with  some  uniformity.  The  number  of  stations  has  been  increased  during; 
the  year  from  42  to  61,  and  arrangements  are  now  being  made  with  the  Burlington 
and  Missouri  Railroad  which  will  add  10  stations  along  their  lines. 

A  division  hais  been  adopted  in  which  the  six  sections  established  are  very  nearly 
equal  in  area,  and  of  the  61  stations  no  section  has  less  than  6. 

The  importance  of  thus  securing  data  from  all  parts  of  the  State  will  be  seen  when 
it  is  remembered  that  western  Nebraska  lies  in  the  so-called  arid  region  and  that  as 
yet  we  are  without  data  to  answer  the  important  question  whether  rainfall  in  this 
region  is  increasing  ahd  other  similar  questions  of  vital  interest  to  the  future  of 
the  State. 

As  yet  no  attempt  has  been  made  to  deduce  the  average  rainfall  or  temperature  of 
the  various  months  for  the  entire  State  but  only  for  southeastern  Nebraska.  Aver- 
ages are  now  being  prepared,  however,  which  will  soon  enable  us  to  give  these  normals 
for  the  entire  State. 

The  work  of  this  service  i n  other  respects  has  been  much  as  in  previous  years.  There 
has  been  published  each  month  a  weather  bulletin  and  crop  report  compiled  fh>m 
the  reports  of  the  voluntary  observers,  Signal  Service  stations,  and  military  posts  in 
the  State;  also,  during  the  ((rowing  season,  a  weekly  weather-crop  bulletin.  There 
was  also  published  iu  the  annual  report  of  the  State  board  of  agriculture  a  compila- 
tion of  all  available  data  on  the  rainfall  of  Nebraska  from  1849  to  1889.  The  basis  of 
this  compilation  was  furnished  by  the  Chief  Signal  Officer,  which  was  then  revised  by 
the  insertion  of  later  data  and  corrections. 

There  have  been  sent  out  from  this  office  daily,  except  Sundays,  to  such  post-offices 
as  could  be  reached  in  season,  the  special  a.  m.  forecast  of  the  Chief  Signal  Officer. 

Besides  the  regular  meteorological  reports  there  have  also  been  received  from  a  part 
of  the  stations  to  which  the  daily  forecasts  are  telegraphed  by  the  Chief  Signal  Offi- 
cer reports  of  the  percentage  of  correct  predictions  and  these  have  been  incladed  in 
the  monthly  bulletin.' 

This  service  has  been  supported  entirely  without  assistance  fh>m  the  State.  The 
expenses  of  publication  are  borne  by  Doane  College.  The  instruments  are  owned  for 
the  most  part  by  the  observers,  although  a  portion  of  them  are  supplied  through  the 
Chief  Signal  Officer. 

The  accompanying  tables  will  show  the  stations  at  present  connected  with  the 
service,  stations  displaying  flags  and  the  like. 
Very  truly  yours, 

Goodwin  D.  Swezey, 
JHreotar  Nebraska  Weather  Service. 

G.  A.  LOVKLAND, 

Sergeantf  Signal  Corps,  AasistanL 
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NEVADA. 

Carson  Citt,  Nkv,^  July  1, 1890. 

Sir  :  I  haTe  tbe  honor  to  snbmit  herewith  a  report  upon  the  operations  of  the  Ne- 
vada State  weather  service  for  the  fiscal  year  ending  June  30,  1890. 

Every  effort  has  been  made  during  the  year  to  extend  the  work  and  usefulness  of 
the  service,  that  it  might  benefit  every  county  in  the  State  as  well  as  every  branch 
of  industry  affected  by  the  climatic  conditions. 

From  data  now  in  hand,  and  which  is  being  compiled  in  a  form  convenient  for 
future  reference,  it  has  been  ascertained  that  Nevada,  thought  by  many  to  be  a  bar- 
ren waste  and  of  no  value  to  the  agriculturist,  has  climate  suitable  for  the  production 
of  almost  every  known  plant  or  fruit,  as  well  as  a  climate  congenial  to  health,  while 
its  lands  are  as  fertile  as  those  found  within  the  border  of  the  United  States.  In 
Washoe,  Carson,  Reese  River,  Mason,  and  other  smaller  valleys  cereals  of  all  kinds 
^row  luxuriantly,  while  fruit  growing — now  on  the  increase — is  and  has  been  for 
many  years  a  profitable  branch  of  agriculture.  In  the  southern  portion  of  the  State, 
at  Riovilie,  St.  Thomas,  Collville,  and  in  the  adjacent  country,  the  grape,  cotton, 
tobacco,  olives,  oranges,  figs,  and  lemons  thrive  with  surprising  yields.  This  section 
of  Nevada  is  adapted  for  the  production  of  every  kind  of  fruit,  but  facilities  for  mar- 
keting the  products  have  prevented  the  farmer  from  cultivation  except  for  home 
consumption.  There  is  now  a  railroad  in  progress  which  will  pass  through  or  near 
this  valuable  country,  when  the  farmer  may  market  his  products  and  the  agricul- 
tural resources  of  Nevada  will  become  known  as  more  than  a  barren  waste  or  a  min- 
ing country. 

In  the  central  and  northern  portion  of  the  State  there  are  immense  bodies  of  !and 
which  could  be  made  productive  could  water  be  secured  for  irrigation.  This  subject 
(irrigation)  is  one  of  the  great  drawbacks,  not  only  to  Nevada,  but  to  the  entire  ter- 
ritory west  of  the  Rocky  Mountains,  and  when  it  has  been  solved  Nevada  will  be 
made  to  blossom  as  the  rose,  for  there  are  no  more  fertile  lands  anywhere  than  within 
her  borders.  Thousands  of  acres  of  land  have  been  irrigated  in  the  past  by  private 
enterprise,  which  has  proved  that  if  the  millions  of  gallons  of  water  running  waste 
in  the  spring  of  the  year  could  be  stored  np  till  nature  intended  its  use,  great  benefit 
would  result  to  the  entire  West.  The  vast  mining  wealth  of  the  State  has  prevented 
many  from  engaging  in  agricultural  pursuits,  as  the  temptation  to  delve  In  the  earth 
for  a  sudden  fortune  has  been  too  great,  until  within  the  past  few  years,  when  the 
demonetization  of  silver  has  made  mining  more  unprofitable,  when  many  have  gone 
to  the  plow  and  harrow  as  a  means  of  livelihood.  But  with  the  demonetization  of 
silver  came  the  closing  of  many  of  the  smaller  mines,  aifd  as  a  consequence  farming 
was  unprofitable,  as  there  was  no  market  for  the  products.  From  the  last  annual 
report  of  the  surveyor-general  we  learn  that  the  area  of  the  State  of  Nevada  is  about 
71,737,600  acres,  of  which  20,000,000  acres  are  agricultural,  30,000,000  grazing,  and 
2,000,000  forest  lands.  Thus  we  find  about  74  per  cent,  available  for  the  farmer  and 
stock  grower;  but  from  the  same  report  we  ascertain  that  only  141,496  acres  are  under 
cnltivation,  which  is  entirely  due  to  the  depreciation  in  the  value  of  silver  and  the 
lack  of  proper  facilities  for  irrigation.  It  is  the  ultimate  desire  of  this  service  to 
collect  data  which  will  support  tbe  opinion  that  Congress  shoiild  come  to  the  relief 
of  the  Western  States  in  toe  irrigation  problem  with  well  developed  plans  for  its 
solution. 

The  sparse  and  scattered  population  of  Nevada  derive  but  little  value  from  the 
forecasts  issued  by  the  Signal  Service,  except  along  the  lines  of  the  Central  Pacific 
and  Carson  and  Colorado  and  Virginia  and  Trnckee  Railways,  traversing  the  State 
across  the  northern  portion  and  skirting  along  the  western  boundary.  Reno,  Verdi, 
Virginia  City,  and  Carson  City  are  the  only  places  that  have  received  the  forecasts 
during  the  past  year.  Virginia  City  is  in  the  heart  of  the  great  mining  region,  and 
but  little  value  to  the  farmer  is  secured  from  the  forecasts.  Verdi  is  in  the  foothills 
of  the  Sierra  Nevada  Mountains,  and  in  a  poor  location  for  agriculture.  Reno  in  the 
Washoe  Valley,  and  Carson  City  in  the  Eagle  Valley,  are,  therefore,  the  only  two 
stations  of  value  to  the  farming  community.  In  b6tn  of  these  places  flags  are  dis- 
played from  prominent  places,  conveying  the  information  received  by  the  telegraphic 
forecast  to  the  outlying  districts,  where  the  service  is  much  appreciated.  In  select- 
ing points  for  these  displays  the  coming  autumn  I  shall  endeavor  to  secure  points 
more  advantageous  to  the  agriculturist. 

The  issuance  of  the  weekly  weather  crop  bulletin  has  not  been  commenced  in  this 
State  for  the  reason  that  with  such  limited  railroad  facilities  the  weekly  reports  from 
the  greater  number  of  our  observers  could  not  reach  this  office  in  time  to  be  of  value. 
There  is  but  one  way  of  overcoming  this  difficulty,  that  of  using  the  telegraph  in  col- 
lecting some  of  the  most  important  reports.  Beginning  with  next  summer  I  shall 
endeavor  to  perfect  a  plan  for  carrying  on  this  important  work  during  the  growing 
season.  , 
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Since  my  last  report  four  stations,  Elko,  Pioohei  Belmont,  and  Austin,  have  been 
equipped  with  Richards's  barographs  and  thermographs,  thereby  covering  the  State 
more  rally  with  instruments  from  which  the  air  pressure  can  be  determined. 

The  matter  of  proper  exposure  for  the  thermometers  used  by  the  observers  of  the 
Nevada  weather  service  has  received  but  a  passing  notice.  It  has  been  impossible  to 
correct  this  important  matter,  as  it  has  been  my  desire  to  do,  on  account  of  the  small 
appropriation  at  my  disposal.  I  hope  to  be  able  to  impress  upon  the  coming  legiela- 
ture  the  importance  of  having  a  fixed  standard  for  instrument  shelters  at  all  stations, 
to  be  procured  and  owned  by  the  State.  As  an  inspection  has  never  been  made  of  the 
several  stations,  I  have  no  knowledge  of  the  manner  in  which  the  thermometers  are 
exposed,  but  I  feel  confident  that  it  could  be  improved  in  many  instances. 

Should  an  appropriation  be  secured  for  the  purpose  the  coming  year  it  is  tbong^bt 
river  observations  will  be  commenced  at  pointe  on  the  Carson,  Reeae,  Truckee,  Hum- 
boldt, Virgin,  Walker,  and  other  rivers,  with  a  view  of  ascertaining  the  annual  flow 
as  well  as  the  periods  of  highest  and  lowest  water.  That  this  is  an  important  matter 
is  manifest  when  it  is  known  that  the  greater  amount  of  water  in  these  streams  pass 
down  at  a  season  of  the  year  when  it  can  not  be  utilized  for  irrigation,  and  it  will 
also  have  an  important  bearing  upon  the  irrigation  question,  which  is  receiving  mnch 
attention  in  this  State  at  the  present  time. 

The  Nevada  service  now  has  stations  in  every  county  in  the  State  and  valuable  re- 
ports are  being  received  from  them.  All  of  these  stations,  with  the  exception  of  5  on 
the  Central  Pacific  Railroad,  are  equipped  with  Green's  maximum  and  minimum  ther- 
mometers and  Schultzbach's  rain  gauges.  There  are  now  in  operation  39  stations, 
which  are  divided  as  follows:  Two  Signal  Service  stations, 5  statiousof  the  Central 
Pacific  Railroad,  and  32  stations  of  the  Nevada  weather  service.  All  of  these  stations 
report  monthly,  on  prescribed  forms,  and  the  observers  perform  their  services  without 
compensation.  The  reports  received  from  these  stations  have  been  compiled  in  a  con- 
venient form  and  published  in  the  monthly  weather  review  and  annual  report  of  the 
service. 

I  have  been  assisted  during  the  year  by  a  member  of  the  Signal  Service,  kindly  de- 
tailed by  the  Chief  Signal  Officer.  At  the  date  of  my  last  report.  Private  Henry  F. 
Alciatore  was  on  duty,  but  was  relieved  November  14^  1889,  on  account  of  ill  health, 
by  the  present  assistant.  Corporal  Herbert  £.  Wilkinson.  These  gentlemen  have  been 
invaluable  aids  in  conducting  the  work  of  the  service.  They  have  been  attentive  to 
their  duties,  which  have  been  onerous  and  continuous,  as  well  as  endeavoring  at  all 
times  to  improve  the  service  as  much  as  possible. 

The  monthly  weather  review  has  been  issued  regularly  between  the  15tb  and  20th 
of  the  month  following  that  for  which  it  is  the  record  during  the  year.  The  demand 
for  this  publication  has  increased  and  extracts  from  it  are  published  in  all  the  lead- 
ing newspapers  of  the  State. 

Respectfully  submitted. 

Chas.  W.  Friend, 

Director, 
H.  E.  Wilkinson, 
Carporalt  Signal  Corpt,  Assistant. 

NEW  ENGLAND  METEOROLOGICAL  SOCIETY. 

[Prof.  W.  M.  Davis,  director ;  J.  Warren  Smith,  private,  Sigbal  Corps,  aasistant.] 

The  work  of  the  society  duriug  the  past  year  has  been  in  general  the  same  as  in 
previous  years. 

Routine  observations  of  the  climatic  elements  have  been  continued,  monthly  re> 
ports  having  been  received  from  140  to  167  observers  in  different  parts  of  *New 
England.  The  number  of  changes  in  stations  has  not  been  considerable.  A  list  of 
stations  and  observers  is  inclosed  showing  the  position  of  each  station,  the  kind  and 
number  of  iflstruments  which  each  observer  has  in  use,  and  the  data  furninhed  to  the 
society.  The  summary  of  the  reports  is  published  monthly  in  a  bulletin,  in  co- 
operation with  Harvard  College  Observatory,  in  whose  annals  the  greater  number  of 
tables  and  the  annual  summary  now  appear.  The  advance  sheet  (which  wasissued  to 
members  and  observers  during  1889,  replacing  a  page  of  the  huUetin)  has  been  dis- 
contiuned,  as  a  sufficiently  prompt  publication  of  the  bulletin  has  now  been  secured ; 
but  a  brief  advance  sheet  is  still  sent  to  over  eighty  newspapers  in  Neiy  England  on 
the  3d  of  each  month  in  order  to  place  the  results  of  our  records  in  the  hands  of  the 
public  at  an  early  date. 

The  annual  report  for  1888  was  issued  during  the  year,  and  the  same  for  1889  is 
now  in  press;  it  includes,  besides  the  reprint  of  a  number  of  monthly  tables  from 
the  bulletins,  a  set  of  tables  for  the  year;  a  review  of  the  year  by  quarters;  a 
review  of  the  cyclonic  storms  that  traversed  New  England  during  1889,  and  a  chart 
of  stations  and  annual  isotherms.    In  the  same  volume  of  this  report  there  will 
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appear  aa  investigation  of  the  sea  breeze  in  New  England,  based  on  observations 
mi^e  by  abont  one  hundred  volanteer  observers  in  1887,  and  discussed  by  the 
director,  with  the  assistance  of  Sergt.  L.  G.  Schultz  and  Mr.  R.  De  C.  Ward,  a 
stndent  in  Harvard  College;  this  essay  contains  a  general  review  of  the  theory  of 
the  sea  breeze,  as  well  as  an  account  of  its  occurrence  and  peoetratiou  ou  our  coast; 
it  is  illustrated  by  a  nun^ber  of  local  synoptic  maps  of  the  breeze.  The  volume  will 
also  contain  an  essay  on  the  Characteristics  of  the  New  England  climate,  by  Prof. 
Winslow  Upton,  of  Brown  University,  secretary  of  the  society. 

During  the  greater  part  of  the  year  the  work  of  the  society  has  been  in  charge  of 
the  director,  who  on  his  return  to  Cambridge  in  October,  1889,  relieved  the  secretary 
of  this  duty.  Sergt.  L.  G.  Schultz  was  assistant  to  the  society  until  February,  1890, 
when  he  resigned  to  enter  the  Coast  Survey ;  he  was  temporarily  succeeded  by 
Sergt.  J.  W.  Smith,  who  in  turn  was  succeeded  by  Private  J.  Warren  Smith,  on 
April  18, 1890. 

The  work  at  present  in  hand  in  the  office  of  the  society  is,  first,  the  preparation 
of  the  monthly  bulletin ;  second,  the  preparation  of  a  weekly  crop  report  issued  on 
Saturday  of  each  week  during  the  open  season ;  third,  the  reduction  of  the  obser- 
vations of  thunder  storms  maae  in  1886  and  1837.  The  great  part  of  this  work  is 
performed  by  the  assistant  under  the  advice  of  the  director.  About  twelve  day^ 
each  month  are  given  to  the  bulletin,  including  in  this  its  preparation  from  the 
observers'  reports,  proof  reading,  mailing,  and  the  entering  of  current  reports  in  the 
annual  tables ;  an  edition  of  5(w  copies  ia  now  printed,  of  which  about  375  are  dis- 
tributed to  members,  observers,  and  exchanges.  The  crop  reports  consume  one  day 
each  week,  reports  being  received  from  67  observers  distributed  fas  follows  :  Maine 
5;  New  Hampshire  13 ;  Vermont  7;  Massachusetts  27;  Rhode  Island  3;  Connecticut 
12.  A  list  of  these  stations  and  observers  is  inclosed.  A  double  sheet  abstract  of 
their  reports  is  prepared  by  cyclostyle  copy,  and  an  edition  of  190  copies  is  struck  off 
and  sent  to  correspondents,  exchanges,  and  newspapers.  Particular  card  is  taken  to 
prepare  this  bulletin  in  proper  form  for  publication  by  newspapers  without  re- 
editing,  and  as  a  result  the  Boston  papers  and  most  of  those  elsewhere  in  New  Eng- 
land print  the  bulletin  bodily.  A  copy  of  the  last  crop  report  is  inclosed  as  a  sample, 
accompanied  by  clippings,  showing  the  manner  in  which  the  newspapers  print  thd  crop 
bulletin  and  the  advance  sheet  of  the  regular  bulletin.  We  are  recently  in  receipt 
of  a  letter  firom  the  American  Press  Association,  asking  that  the  crop  bulletin  be 
furnished  them  so  that  they  may  publish  it  in  their  service.  And,  as  they  supply  a 
large  number  of  New  England  daily  papers,  the  publication  of  the  bulletin  will  be 
largely  extended.  The  Boston  Herald,  in  a  recent  article,  said:  *'The  weather 
crop  bulletins  of  the  Signal  Service  and  the  New  England  Meteorological  Society, 
working  in  conjunction,  are  giving  more  than  the  usual  amount  of  satisfaction  this 
year.  They  are  prepared  with  great  care  every  week  and  there  are  a  great  many 
competent  correspondents  throughout  New  England.'' 

The  charting  of  the  thunder-storm  observations  occnpies  such  part  of  the  month 
as  is  not  consumed  in  other  ways.  A  report  on  these  observations  may  be  expected 
in  the  annual  volume  for  the  coming  year. 

There  are  at  present  26  stations  in'^this  section  which  regularly  receive  the  dally 
telegraphic  forecasts  and  display  weather  and  temperature  signals.  Two  of  these  sta- 
tions receive  the  cold-wave  warnings  only.  All  generally  report  a  high  percentage 
of  verification  and  state  that  the  public  are  well  satisfied  with,  aud  benefited  by,  the 
weather  forecasts.    A  list  of  display  stations  and  disx)lay  men  is  appended. 

W.  M.  Davis, 

Director. 
J.  Warren  Smith, 
Private,  Signal  CorpSf  Assistant 

NEW  JERSEY. 

New  Brunswick,  N.  J.,  July  23,  1890. 

Sir:  I  have  the  honor  to  submit  herewith  the  following  report  of  the  New  Jersey 
weather  service  for  the  year  ending  June  30,  1890 : 

At  the  beginning  of  the  year  the  nnmber  of  stations  forwarding  reports  to  this 
office  was  39.  Of  these  4  have  been  discontinued,  mainly  owing  to  the  change  of  the 
residence  of  the  observers,  and  4  new  ones  have  been  established,  so  at  the  close  of 
the  year  we  have  the  same  number  of  stations.  The  observers,  with  very  few  excep- 
tions, have  forwarded  their  monthly  reports  with  remarkable  regularity,  promptness, 
and  accuracy,  enabling  this  office  to  issue  the  monthly  bulletin  on  or  before  the  15tli 
of  each  month  succeeding  that  of  which  it  is  a  record.  This,  considering  the  nature 
of  the  service  and  the  many  discouragements  received,  owing  to  the  failure  on  the 
part  of  the  State  legislature  to  provide  for  its  maintenance,  is  certainly  most  credit- 
able. 

During  the  crop  season,  from  May  1  to  October  10,  weather  crop  bulletins  have 
been  regularly  issued  each  week.    These  bulletins  have  become  an  important  and 
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prominent  featare  of  the  seryioe,  and  the  interest  taken  in  them  hy  the^  intellif^ent 
farmor  has  greatly  iooreaeed  darine  the  year.  Extracts  from  the  balletin  are  re^a- 
larly  published  by  the  leading  dally  papers  of  the  State  and  the  complete  balletin 
by  the  weekly  papers.  Thd  great  dailies  of  New  York  aud  Philadelphia  also  give  it 
space  in  their  columns  daring  the  spring  and  harvest  time. 

The  benefits  received  by  the  general  pnblic  in  the  remote  towns  from  the  display  of 
weather  aud  temperature  signals  are  many  and  are  fully  appreciated  by  the  people. 

At  the  request  of  the  Superintendent  of  the  Eleventh  Census  there  waa  prepared 
and  forwarded  a  table  showing  the  mean  annual  temperature  and  mean  annual  pre- 
cipitation determined  from  observations  made  at  48  stations,  together  with  the  length 
of  each  series  from  which  the  mean  was  determined.  We  have  also  fnmishedi  at  the 
request  of  the  State  board  of  health,  complete  annual  reports  of  12. selected  atatiouB 
of  this  service. 

The  third  bill  presented  to  the  State  legislature,  which  had  for  its  object  the  estab- 
lishing of  a  State  weather  service,  and  which  was  presented  early  in  the  session,  was 
passed  by  the  house  only  to  again  meet  defeat  in  the  senate.  Although  we  were 
greatly  disappointed  we  were  not  disconraged,  and  took  immediate  steps  to  present 
another  bill,  this  time  having  it  introduced  in  the  senate,  where  it  met  defeat  the 
week  before.  To  be  brief,  the  bill  was  passed  by  both  houses,  and  received  the  gov- 
etDor's  signature  on  the  19th  of  June.  It  provides  that  one  meteorological  station 
shall  be  established  in  each  county  of  the  State,  and  furnished  with  a  set  of  standard 
instruments,  instrument  shelter,  rain  and  snow  gange,  and  also  appropriates  the  saoi 
of  $1,000  for  the  purpose  of  meeting  the  actual  expenses  in  carrying  out  the  provi^ 
ions  of  €he  bill. 

It  is  with  considerable  regret  at  this  time  that  I  can  not  furnish  the  Chief  Signal 
Officer  with  a  full  list  of  the  directors,  as  the  governor  has  not  yet  selected  his  ap- 
pointee on  the  board.  As  soon  as  this  is  done  the  work  of  organization  and  selecting 
the  new  stations  to  be  established  will  be  pushed  forward  as  rapidly  as  possible. 

The  following  is  a  copy  of  the  bill  which  was  passed  by  the  State  legislature  at 
its  last  session,  and  approved  by  Governor  Leon  Abbett  on  the  I9th  of  June,  1890: 

▲N  ItCT  to  establish  a  weather  service  in  New  Jersey  and  to  provide  for  the  appointcDent  of  a  board 
of  directors  and  pj«&ident  thereof,  and  appropriating  money  to  pay  the  actaal  ezpeoaea  of  the 
same. 

(1)  Beit  enacted  by  the  Senate  and  General  Aaeemhty  of  the  State  of  New  Jerseif,  That 
the  establishment  of  a  weather  service  being  necessary  to  secure  a  complete  history 
of  the  weather  of  New  Jersey  in  order  to  furnish  tmstworthy  material  for  study  of  its 
climate,  to  acquaint  the  people  of  the  State  with  the  physical  conditions  of  every 
locality  based  upon  reliable  climatic  data,  and  during  the  growing  season,  to  fumisih 
reliable  information  as  to  the  actual  condition  of  the  staple  crops,  thereby  greatly 
benefiting  the  agrionltnral,  commercial,  and  municipal  interests,  there  is  hereby 
created,  at  the  agricultnral  experiment  station,  New  JBrnnswick,  a  central  weather 
station. 

{2)  And  he  it  enacted j  That  the  director,  the  senior  chemist,  the  professor  of  botany 
and  horticulture,  and  a  fourth  person  to  be  appointed  by  the  governor,  shall  consti- 
tute a  board  of  directors,  and  be  duly  qaalified  as  like  officers  of  the  State. 

(3)  And  he  it  enacted.  That  the  directx>r  of  the  State  experiment  station  is  hereby 
appointed  president  of  the  board,  who,  by  and  with  the  advice  of  the  directors,  shall 
establish,  if  practicable,  one  volunteer  weather  station  in  each  county  of  Uie  St-ate, 
and  furnish  the  same  with  a  set  of  standard  instruments,  instrument  shelter,  rain  and 
snow  gauge,  and  that  said  director  shall  supervise  the  same ;  he  shall  receive  reports 
therefrom  and  reduce  the  same  to  a  tabular  form,  and  report  the  same  monthly  for  pab- 
lication  as  the  New  Jersey  weather  report,  and  shall  annually  make  a  report  to  the 
governor,  which  shall  contain  a  detailed  statement  of  all  expenditures  made  during 
the  year  and  a  summary  of  the  observations  taken  at  the  various  stations. 

(4)  And  be  it  enacted,  That  the  president  of  the  board  shall  print,  nnder  contract, 
copies  of  each  monthly  report,  and  such  weekly  reports  during  the  growing  season 
as  may  be  deemed  advisable,  the  same  to  be  distributed  by  the  board. 

(5 J  And  he  it  enacted.  That  there  is  hereby  appropriated,  for  the  establishment  of 
said  weather  stations,  the  sum  of  one  thousand  dollars,  or  so  much  thereof  as  maybe 
necessary,  for  the  pnrpose  of  meeting  the  actnal  expenses  of  carrying  out  the  pro- 
visions of  this  act ;  no  part  of  said  sum  shall  be  paid  for  salaries  of*  any  officer  or  for 
office  rent. 

(6)  And  he  it  enacted.  That  no  money  shall  be  expended  except  under  the  order  of 
the  president  director,  by  and  with  the  approval  of  the  board. 

(7)  And  he  it  enacted.  That  this  act  shall  take  effect  immediately. 
Approved  June  19,  1890. 

Very  respectfully,  your  obedient  servant, 

E.  W.  McGaxx, 
Observer,  Signal  Service,  in  Charge, 
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NEW  YORK. 

Central  Officb  of  the  Meteorological  Bureau, 

Ithaca,  N,  r.,  July  4,  1890. 

Sir:  In  aDswerto  yoor  reqnest  of  Jane  9,  altimo,  asking  information  npon  the 
work  of  this  barean,  it  gives  me  pleasure  to  state  that  the  operations  of  this  bureau 
daring  the  past  year  have  been  dtrected  mainly  toward  increasing  the  number,  effi- 
ciency,  and  equipment  of  the  stations  of  this  service,  and  the  publication  of  monthly 
meteorological  reports  and  the  weekly  crop  bulletin.  The  number  of  stations  dis- 
playing weather  indication^  has  also  been  considerably  increased,  with  resulte  which 
prove  a  general  appreciation  of  the  value  of  the  predictions. 

After  the  first  meeting  of  the  State  commissioners  in  Jane,  1889,  the  instruments 
needed  for  new  stations  and  for  those  already  established  were  purchased  and  tested. 
The  outfit  provided  for  each  st-ation  consists  of  a  maximum  and  minimum,  and  dry 
and  wet  bulb  thermometers  and  a  rain  ^auge,  with  barometers  for  the  few  stations  at 
which  observations  for  pressure  are  desirable. 

The  total  number  of  stations  now  established  (including  the  military  posts  of  the 
State  which,  through  the  courtesy  of  the  Surgeon-Oenerai,  now  send  reports  to  this 
office) is  seventy-seven.  Their  distribution  over  the  State  is  as  follows :  In  tlie  region 
of  the  eastern  plateau,  14  stations ;  on  the  western  plateau,  9  stations ;  and  on  the 
northern  or  Adirondack  plateau,  8  stations.  In  the  region  of  the  Hudson,  Cbamplain, 
and  Mohawk  Valleys,  1.5  stations;  in  the  St.  Lawrence  Valley,  5  stations:  in  the 
great  lake  region,  12  stations;  in  the  central  lake  region,  4  stations;  and  in  the  mari- 
time or  coast  region  there  are  9  stations.  A  few  important  localities  are  as  yet  un- 
provided for,  owing  to  the  difficultv  of  obtaining  observers  in  the  thinly  populated 
regions  where  they  are  wanted,  while,  on  the  other  hand,  it  has  been  necessary  to  re- 
fuse many  applications  for  instruments  for  localities  where  additional  stations  are  not 
needed.  In  addition  to  the  regularly  equipped,  observatories,  about  40  crop  cor- 
respondents who  have  been  provided  with  rain  gauges  make  weekly  reports  on  pre- 
cipitation ;  thus  giving  a  total  of  120  stations  at  which  rainfall  measurements  are 
made.  The  montnly  meteorological  reports  embodying  the  usual  data  on  tempera- 
ture, pressure,  rainfall,  etc.,  with  charts  showing  monthly  precipitation  and  temper- 
ature yalnes,  have  been  regularly  issued  during  the  year:  and  the  numbers  which 
were  not  issued  during  1889  are  being  brought  out  as  rapidly  as  possible. 

The  first  annual  report  of  this  bureau,  giving  details  as  to  its  organization,  results, 
and  plans  for  the  future  operations  of  the  service,  was  issued  in  April,  1890,  in  ac- 
cordance with  the  laws  of  the  State  among  the  documents  published  under  authority 
of  the  legislature  of  New  York. 

During  the  season  of  1889  the  weekly  crop  bulletin  was  published  regularly  from 
March  ^  to  October  5;  and  the  publication  was  resumed  on  March  14,  1890. 
These  bulletins  are  received  with  great  favor  by  the  people  and  press  of  the  State. 
The  weatber  indications  are  now  telegraphed  to  48  stations,  from  which  they  are 
repeated  by  telephone  to  neighlK>ring  villages  in  many  cases.  There  can  be  no 
doubt  as  to  the  value  of  weather  forecasts  to  the  people  of  this  State.  Every  station 
heard  from  expresses  a  desire  to  continue  the  display  of  signals  in  terms  so  strong  and 
pressing,  that,  in  my  opinion,  it  will  be  very  undesirable  to  discontinue  them  at  any 
time  of  the  year.  The  poverty  of  many  of  the  crops  of  New  York  during  the  past 
two  years,  and  the  unfavorable  outlook  for  the  present  year  have  made  our  farmers 
far  more  interested  in  the  study  of  meteorology  than  at  any  previous  time.  The 
office  of  the  commissioners  of  this  bureau  is  in  daily  receipt  of  questions,  reports,  or 
specimens  of  plants,  indicating  a  very  lively  sense  of  appreciation  of  the  relations  of 
meteorology  to  agriculture  in  our  farming  communities;  and  I  am  very  sure  that  any 
measure  looking  to  the  suppression  of  the  weather  telegrams  or  crop  bulletins  would 
be  looked  upon  with  great  displeasure.  A  strong  proof  of  this  statement  may  be  found 
by  insD^ting  the  contents  of  the  reports  made  to  this  office.  (See  appendices  A  to  G, 
annual  report  to  the  legislature  of  New  York  for  1890),  which  are  nlled  out  by  our 
correspondents  with  great  care  in  nearly  every  instance.  These  reports  demand 
much  work,  constant  observation,  and  diligent  inquiry,  and  are  undertaken  by  our 
correspondents  with  apparent  willingness  and  a  keen  appreciation  of  their  importance 
in  various  directions ;  and  they  consider  this  labor  as  their  return  or  payment  for 
telegrams  and  other  information  from  which  they  and  the  entire  country  derive  great 
benefit  at  all  times  of  the  year,  both  directly  and  indirectlv. 

The  meteorological  service  of  the  State  of  New  York  feels  indebted  to  the  national 
service  for  very  valuable  aid  in  many  directions,  and  for  the  uniform  courtesy  and 
promptness  with  which  all  the  business  related  to  its  purposes  has  been  transacted 
by  the  bureau  under  the  control  of  the  Chief  Signal  Officer  of  the  United  States. 
Very  respectfully,  E.  A.  Fuertes, 

Director  of  ike  Meieorologioal  Bureau  of  the  State  of  lATeip  York. 

I.  G.  Gardiner, 
Corporal  Signal  Corps,  JsaUtanU 

The  Chief  Signal  Officer  of  the  Army, 

Washington,  D,  C, 

11945— SIG  90 16 
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NORTH  CAROLINA. 

[North  GbtoUoa  Agricaltanl  Experiment  Station  nnd  State  weather  servioe,  oflBoe  of  diceotor.] 

Raleigh,  N.  C,  July  6, 1890. 

Sib:  In  oomplianoe  with  your  -  request  of  June  9,  1890,  for  a  report  of  tbe  work 
done  in  oonneotion  with  the  State  weather  service,  I  inclose  the  annnal  report  of 
the  North  Carolina  weather  service  for  the  period  ending  December  31,  1889.  The 
increased  value  of  the  service  is  evident  from  the  great  interest  taken  in  it  by  our 
observers  and  by  the  public  generally.  Requests  are  constantly  being  received  for 
copies  of  the  publications,  especially  the  weekly  weather  crop  bulletin,  and  the 
press  of  the  State  heartily  coSperates  with  the  service  in  disseminating  information 
furnished  them  on  crops  and  various  other  meteorological  subjects.  Many  papers  in 
this  and  other  States  publish  the  main  part  of  the  crop  bulletin  or  extracts  from  it. 
The  present  season  has  been  remarkably  favorable  for  the  growth  of  nearly  all  crops, 
and  the  condition  qf  oott-on  especially  is  roost  excellent  and  many  days  in  advance  of 
previous  years.  Tobacco  is  also  improving.  The  following  are  the  dates  of  planting 
and  harvesting  the  staple  crops  of  North  Carolina : 


Crops. 

Average  date  of  planting. 

Of  harvesting. 

Tobacco 

Cotton ..... ...... ...... 

Transplanted  April  1  to  May  10. . 
April  1  to  30 

July  to  October.* 
August  to  January. 
September. 
June  1. 

Corn.... 

April  1 

Wheat 

October  10 

Oats 

September  10 

June  15. 

Rye 

September  10 

June  15* 

•* J  w... ■•••.•    •    ■..«■■....■ 

*  OfUn  transplanted  as  late  as  June  15. 

A  copy  of  the  eighth  weeklv  weather  crop  bulletin  containing  a  special  report  of 
the  condition  of  cotton  and  tobacco  June  13,  1890,  is  inclosed.  Five  hundred  copiea 
of  the  crop  bulletin  are  mailed  weekly  from  April  until  October.  The  number  of 
correspondents  has  been  increased  to  over  one  hundred. 

From  December  31,  1889,  to  June  30,  1H90,  but  slight  changes  have  taken  place  in 
the  work  of  the  service.  At  the  end  of  1889  the  number  of  ooserving  stations  num- 
bered 40,  of  which  the  following  have  been  discontinued :  Clarkton,  Blad«»n  County ; 
observer,  S.  Meares.  Columbia,  Tyrrell  County ;  observer,  T.  J.  Jones.  Mt.  Olive, 
Wayne  County;  observer,  J.  B.  Oliver.  Lomsbnrg,  Franklin  County;  observer,  T.  J. 
King.  Monroe,  Union  County ;  observer,  D.  C.  Anderson.  Winslow,  Harnett  County ; 
observer,  J.  C.  Williams.  Shelby,  Cleveland  County;  observer,  H.  £.  Frick.  Statea- 
ville,  Iredell  County;  observer,  W.  A.  Ellieson. 

These  ^ntlemen  are  mostly  farmers  who  have  found  it  impossible  to  spare  the 
time  required  to  make  continuous  meteorological  observations.  It  has  been  decided 
to  endeavor  to  arouse  the  interest  of  the  teachers  of  the  State  as  to  the  value  of 
meteorological  work  in  training  pupils  in  methods  of  exact  observations,  and  during 
the  coming  year  circular  letters  will  be  sent  to  them,  on  the  plan  outlined  in  the 
report  of  the  Illinois  State  weather  service  for  1868  (and  report  of  the  Chief  Signal 
Officer,  1888,  Appendix  5,  page  83).  Many  of  the  observers  have  been  very  exact, 
faithful,  and  conscientious  in  the  performance  of  their  duties,  and  the  people  of  tiiia 
St%te  are  certainly  under  obligations  to  these  gentlemen  for  their  earnest  support  of 
the  State  weather  service.  The  reports  received  from  volunteer  observers,  embrac- 
ing barometer  readings,  temperature,  rainfall,  humidity,  direction  of  the  wind,  state 
of  the  weather,  and  miscellaneous  phenomena,  are  tabulated  at  the  end  of  each 
month  and  published  as  bulletins  of  theiNorth  Carolina  Experiment  Station.  Each 
monthly  bulletin  contains:  (1)  a  brief  summary  of  the  conditions  of  the  weather 
during  the  month ;  (2)  tabulated  data,  including  tables  of  maximum  and  minimum 
temperatures,  daily  mean  temperatures,  raiufall  and  comparative  data  for  previous 
years ;  (3)  graphic  charts  showing  the  normal  and  mean  temperature  isobars  for  the 
month,  ana  the  distribution  of  rainfall.  Copies  of  these  reports  are  sent  to  the 
observers  of  the  service,  to  many  newspapers,  to  other  weather  services  in  exchange, 
and  any  others  making  application  for  them. 

The  annual  report  contains:  (1)  a  general  account  of  the  work  done  during  the 
vear,  with  changes  in  stations,  observers,  and  displaymen ;  (2)  tables  of  meteoro- 
logical data  to  present  the  climatio  conditions  of  the  year  in  compact  form. 
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The  lables  ^y6d  comprise:  (1)  annual  summary  for  the  year  by  months;  (2) 
annual  summary  of  stations  havings  complt^te  or  nearly  complete  rocoi*d8  during  the 
year;  (3)  showing  the  mean  barometer,  highest  and  lowest  for  each  month  of  the 
year  at  legular  signal  service  stations;  (4)  showing  the  mean  temperature,  max- 
imum and  minimum,  for  each  month  of  the  year;  (^5)  gives  monthly  precipitation 
and  number  of  rainy  days;  (6)  prevailing  wind  directions;  (7)  table  jf  compari- 
sons for  previous  years ;  (8)  miscellaneous  data,  such  as  buows,  Irosts,  local  storms, 
eto. 

The  expense  of  printing  all  reports  is  borne  by  the  North  Carolina  Experiment 
Station,  together  with  office  expenses  and  meteorological  instruments  supplied  to 
some  cooperating  observers ;  otherwise  no  money  is  available  for  the  use  of  the  serv- 
ice. 

The  number  of  stations  displaying  weather  and  temperature  signals  is  now  25. 
Hie  chief  difficulty  in  maintaining  these  stations  is  the  expense  of  procuring  flags. 
The  value  of  the  indications  is  undisputed.  In  this  connection  reference  is  made  to 
the  annual  report  for  1888,  pages  6  and  7. 

Sergeant  H.  McP.  Baldwin,  Signal  Corps,  was  relieved  in  August,  1889,  and  C.  F. 
Ton  Herrmann,  Signal  Corps,  detailed  as  assistant,  for  whose  faithful  service  the 
director  and  the  weather  service  are  greatly  Indebted.  The  director  is  also  under 
obligations  to  the  Chief  Signal  Officer,  for  his  hearty  cooperation  and  assistance  in 
many  ways. 

Very  respeotfully, 

H.  B.  Battle, 

DWeotor* 
C.  F.  VON  Hkrrmakn, 
Signal  Corp9y  A99i%tanU 
The  Chief  Signal  Officer, 

Wa9hingiim  D.  C. 

OHIO. 

Ohio  State  University, 

Columhut^  Ohio,  August  2, 1890. 

Dear  Sir:  The  work  of  the  Ohio  meteorological  bureau  during  the  past  year 
presents  no  new  features.  The  number  of  stations  fully  equipped  and  partially  has 
been  increased  somewhat,  and  a  number  of  applications  for  the  establishment  of 
stations  we  have  been  compelled,  for  lack  oi  funds,  to  decline.  The  number  of 
stations  with  full  equipment  now  reporting  to  us  is  40.  We  have  29  rain-gauge  sta- 
tions, 11  of  which  report  maximum  and  minimum  temperatures  also. 

The  work  of  our  observers  has  been  well  done,  maintaining  their  well-earned 
reputation  for  faithfulness  and  accuracy. 

Thirty-five  places  are  now  receiving  and  displaying  weather  indications  furnished 

through  the  bureau.    A  list  of  such  places  and  also  of  observing  stations  is  appended. 

Provision  for  the  publication  of  a  weather  crop  bulletin  by  this  bureau,  wnich  we 

have  been  trying  for  three  years  to  secure,  seems  now  assured,  so  that  we  may  enter 

on  the  work  next  spring.    . 

Very  truly,  yours, 

Benj.  F.  Thomas, 
JHreotor,  Ohio  Meteorologioal  Bureau, 
C.  M.  Strong, 
Carporalf  Signal  Cor^s,  Aasiitant 

OREGON. 

Oregon  Weather  Bureau,  Central  Office, 

Portland,  Oregon^  July  1,  1890. 

Sir  :  I  have  the  honor  to  submit  the  following  annual  report  of  the  operations  of 
this  bureau  for  the  fiscal  year  ending  June  30,  1890. 

Agreeably  to  the  act  of  the  Oregon  legislature,  approved  February  S5,  1890,  this 
bureau  has  been  in  operation  during  the  fiscal  year  ending  June  30,  1890. 

Hon.  H.  E.  Hayes,  Master  State  Grange,  has  continued  to  act  as  the  director,  and 
B.  8.  Pague,  observer,  Signal  Service,  has  continued  to  act  as  assistant  director. 

The  work  of  establishing  stations  has  progressed  slowlyj  on  account  of  the  limited 
time  that  tbe  assistant  director  has  to  devote  to  this  bureau.  Twenty-eigh  t  stations, 
however,  have  been  established,  making  over  50  now  in  good  working  order.  There 
should  be  at  least  80  stations  equipped  m  the  State. 

To  satisfactorily  discharge  the  duties  in  connection  with  the  work  of  this  bureau 
requires  the  full  time  of  one  man,  and  it  is  respectfully  urged  and  recommended  that 
the  present  assistant  director  be  detailed  for  work  in  connection  with  this  bureau 
onlyi  and  that  he  be  relieved  from  daties  connected  with  the  regular  otatioii. 
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The  State  work  has  snffered  owing  to  lack  of  time  to  properly  carry  out  the  work 
outlined.    It  is  hoped  that  this  recommendation  may  receive  immediate  actiou. 

The  main  work  through  the  year  was  the  orgauieation  of  new  stations,  collocting, 
compiling,  and  publishing  the  monthly  reports  (2,000  of  which  are  issued  each  month, 
consisting  of  ftom  16  to  34  pages  of  closely  printed  matter);  the  issuance,  weekly, 
of  the  weather  crop  bnlletin  ;  140  are  issued  each  week,  and  over  90  newspajters  in 
the  State  use  them.  San  Francisco  and  Washington  papers,  having  requested,  are 
furnished  with  the  weekly  reports;  in  addition  the  Associated  and  Pacific  Press  send 
a  condensed  report  of  the  weekly  crop  reports  by  telegraph  to  the  papers  throughout 
the  coast  and  to  the  east. 

The  weekly  reports  are  the  interesting  feature  of  this  bureau,  as  they  are  issue<l 

Sromptly,  wnereas  the  monthly  reports  are  fully  six  weeks  late.  This  could  in  part 
e  obviated  if  the  assistant  director  could  devote  his  entire  time  to  the  State  work. 

To  bring  the  service  more  promptly  before  the  people  a  series  of  lectures  were  made 
by  the  assistant  director  before  the  farmers'  institutes  and  at  fairs. 

At  the  State  fair  held  at  Salem,  September,  IdbD,  a  large  display  of  instrnments 
was  made  and  the  assistant  director  was  in  constant  attendance  giving  explana- 
tions. At  the  Mechanics'  fair  held  in  Portland,  September  %  to  October  2ti,  a 
larger  display  was  made.  The  effect  of  these  two  exhibitions  was  to  bring  before 
thousands  the  practical  utility  and  benefit  of  the  bureau.  Many  thousands  were 
thus  enabled  to  study  the  instruments  and  to  have  explanations  made  who  had 
never  before  seen  the  instruments.  Owing  to  the  lack  of  instruments  similar  dis- 
plays can  not  be  made  again. 

Inclosure  A  is  a  copy  of  a  circular  issued  to  the  farmers  ot  the  State.  Five  hun- 
dred copies  of  these  were  distributed  and  over  200  renliea  were  received,  which,  owing 
to  lack  of  time,  have  not  as  yet  been  fully  compiled.  Other  similar  work  was  projected, 
but  can  not  be  carried  out  until  the  entire  time  of  the  assistant  director  can  be 
devoted  to  the  State  work  only.  ' 

Owing  to  the  almost  uniformity  of  the  Oregon  climate  the  weather  forecasts  are 
not  of  that  general  benefit  and  interest  as  is  the  case  in  other  States ;  however,  at  a 
few  of  the  more  prominent  places  the  forecasts  have  been  displayed,  and  have  met 
with  the  most  favorable  criticisms.  Inclosure  B  is  a  list  of  the  places  and  of  the 
display  men  where  these  are  displayed. 

The  various  newspapers  of  the  State  have  been  uniform  in  their  flattering  com- 
mendations of  the  work  of  this  bureau,  and  prominent  men  of  the  State  have  written 
in  praise  of  the  work  of  this  bureau. 

The  following  are  a  few  extracts : 

Heppner  Gazette  (Morro  County) :  "A  valuable  work  is  being  done  for  the  Btat«  ; 
the  reports  are  invaluable  to  intending  settlers  as  well  as  to  our  own  people.  The 
efibrta  of  the  bureau  will  result  in  much  good.'' 

D.  I.  Asbnry,  editor  News,  Canyon  City,  Grant  County:  ''The  reports  are  of  in- 
calculable benefit  to  the  State  of  Oregon  at  large.  They  contain  information  that 
can  not  be  gained  from  any  other  source." 

J.  A.  Dean,  editor  Coquille  City  Herald :  "  The  reports  are  of  incalculable  ben- 
efit." 

Beach  &  Beach,  editors  Examiner,  Lakeview :  *'  We  commend  the  enterprise 
shown  in  giving  such  exhaustive  weather  and  crop  reports." 

Chas.  Nockell,  editor  Times,  Jacksonville:  '*The  reports  are  the  only  ones  ever 
given  the  public  that  have  possessed  any  material  value  to  the  general  public  in  this 
State.    Numerous  readers  of  the  Times  have  expressed  their  approval  of  them." 

J.  F.  Halloran,  editor  Astorian,  Astoria:  ''The  reports  are  beneficial  and  of 
practical  value  in  this  direction  as  afifording  official  and  authentic  information  rela- 
tive to  meteorological  advantages  afibrded  residents  of  this  State,  t.  e.,  in  aiding  im- 
migration.   The  reports  are  reliable,  timely  and  interesting." 

W.  A.  Wheeler,  editor  Vindicator,  East  Fortland :  "  The  reports  most  certainly 
meet  the  hearty  approval  of  all  agriculturists  and  are  looked  upon  asbein^  authentic 
and  reliable.    They  are  of  vast  benefit  to  all  interested  in  the  soil  production." 

M.  D.  Abbott,  editor  Reveille,  Baker  City:  "At  no  period  in  the  history  of 
Oregon  has  the  farmer  of  this  State,  as  well  as  all  classes  of  people,  had  more  need  of 
JuHt  such  information  as  the  reports  furnished.  The  work  of  the  bureau  is  a  valuable 
adjunct  to  the  work  of  the  farmer." 

W.  W.  Baker,  Portland,  editor  Rural  Spirit  and  Willamette  Farmer :  "  We  are  pub- 
lish ing  the  oldest  and  most  widely  circulated  agricultural  paper  in  the  North  Paet  fie; 
we  publish  the  reports  issued  by  the  State  weather  bureau.  We  regard  the  reports 
as  of  the  greatest  value,  and  our  subscribers  throughout  regard  the  reports  as  of  more 
value  than  any  other  aid  furnished  them  by  the  Government." 

Major  Ivanhoe,  editor  Signal,  Enterprise :  "  The  reports  carry  honest  and  valu- 
able information  to  the  crop  raiser,  that  he  can  not  possibly  obtain  from  personal  ob- 
servation or  investigation." 

Donald  Macleay,  presideat  board  of  trade,  Portland :    "  I  have  oaref  ally  examined 
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the  publications  of  the  Oregon  State  weather  hnrean,  made  nnder  yonr  very  able 
enpervision,  I  am  greatly  pleased  with  the  character  and  scope  of  the  work  and  think 
the  barean  is  doing  good  service.  There  are  few  thincs  more  nsefal  to  as  or  more 
conduciye  to  onr  prosperity  as  a  commnuity  ihan  full  and  accurate  acquaintance 
with  the  climatic  conditions  that  prevail  in  our  State.  Nothing  bnt  good  can  result 
from  making  the  citizens  of  other  parts  of  the  Union  acquainted  with  the  advantages 
which  Oregon  offers  in  so  mild  and  equable  a  climate^  with  well  distributed  moisture 
throDghont  the  year,  which  insures  beneficial  crops  and  perennial  fertility.  I  sin- 
cerely trust  that  the  work  which  yon  have  so  ably  begun  will  be  carried  on  and  may 
be,  from  time  to  time,  extended  in  its  scope  in  every  way  practicable.'' 

Capt.  J.  T.  Apperson,  member  of  legislature,  member  of  board  of  regents  State 
Agvionltural  College  and  Oregon  Experiment  Station,  President  State  Agricultural 
Society,  lately  made  register  United  States  laud  office,  Oregon  City :  '*  The  weather 
barean  is  of  inestimable  value  to  the  farmer  and  people  at  large.  It  was  one  of  the 
wise  measures  of  the  legislature  to  create  the  barean.  The  reports  are  interesting  and 
Yalnable ;  good  work  is  being  done.  The  bureau  deserves  the  hearty  support  of  the 
people." 

Robt.  A.  Miller,  member  of  legislature,  secretary  southern  Oregon  State  board  of 
aCTicnlture,  late  Democratic  candidate  for  Congress :  '*!  am  convinced  of  the  value 
of  the  reports  as  a  medium  for  trnnsmission  of  valuable  information  to  the  agricul- 
tural, horti cultural,  and  kindred  producing  classes;  the  bureau  deserves  the  support  of 
all  the  people,  especially  the  produciug  classes."  r 

M.  J.  Train,  secretary  Oregon  State  Grange,  Albany:  ''Am  convinced  that  the 
work  of  the  bureau  is  of  value  and  well  worthy  of  ample  sopport,  and  that  it  is  con- 
stantly growing  iu  favor  and  approciation." 

Jndson  Weed,  member  of  legislature,  Vernonia:  "  I  am  one  of  the  few  members  of 
the  house  who  opposed  the  bill  making  a  State  appropriation  for  the  weather  hn- 
rean. I  now  look  on  that  action  as  one  of  my  many  mistakes.  The  information  gained 
from  the  monthly  reports  is  alone  worth  the'Stat<e  appropriation.  I  look  on  the  bu- 
reau as  being  valuable  chieily  an  an  educator.  I  send  the  report  to  friends  in  the 
east  after  reading  them  myself.  They  contain  information  about  Oregon  that  can 
not  be  obtained  from  any  other  source." 

Wm.  Armstrong,  member  legislature,  Salem:  "I  have' no  hesitancy  in  saying 
that  in  my  opinion,  the  bureau  is  of  great  beneiit  to  the  people.  The  amount  of  in- 
formation obtained  from  the  reporte  must  necessarily  prove  of  great  value  to  the 
whole  people." 

P.  Paquet,  member  of  legislature  from  Oregon  City:  "I  have  no  hesitancy  in 
saying  that,  in  my  opinion,  the  bureau  is  of  great  utility  to  the  citiisens  of  Oregon, 
and  of  great  benefit  to  the  farmers  of  the  State  especially.  Some  of  the  topics  treated 
are  very  interesting  and  deserve  the  attention  of  all  thinking  men.  My  sincere 
wishes  for  the  success  of  the  bureau." 

S.  P.  Mass,  member  legialatnre,  Paisley :  "  The  reports  are  a  source  of  very  useful 
knowledge  to  the  old  as  well  as  to  the  young." 

H.  R.  Laughlin,  member  of  legislature,  North  Tam  Hill :  ''I  was  not  favorably  im- 
pressed with  the  weather  bureau  bill  at  the  last  session,  and  think  I  voted  against 
its  passage,  for  I  thought  too  much  money  was  being  appropriated  for  a  very  little 

food ;  but  since  I  have  seen  the  character  and  scope  of  tne  work,  I  must  say  that  I 
ave  modified  my  opinion.  I  am  very  much  pleased  with  the  reports,  for  they  cover 
a  large  field,  and  have  given  a  large  fund  of  information,  more  than  1  thought  possi- 
ble, and  I  think  the  continuation  of  these  monthly  report^)  will  prove  of  great  value 
and  of  incalculable  benefit  to  the  people,  the  farmer  in  particular." 

F.  S.  Powell,  chairman  committee  of  agriculture,  late  legislature,  Monmouth  :  "I 
am  highly  pleased  with  the  reports  from  the  weather  bureau,  and  have  no  doubt 
bat  that  they  will  be  of  great  benefit  to  the  agriculturist." 

W.  A.  Sample,  master  Grange,  Helix:  '* I  believe  the  reports  to  be  a  valuable 
help  to  the  agriculturist  of  the  State,  as  well  as  to  all  other  occupations.  All  that 
science  and  education  can  do  in  the  way  of  advancement  for  the  farmer  should  be 
done,  as  the  weather  bureau  is  now  doing." 

O.  F.  Bonny,  farmer,  Wood  burn :  *'  1  have  been  examining  the  reports  of  the 
weather  bureau,  and  my  candid  opinion  is  that  they  are  a  most  beneficial  aid  to  the 
agriculturist.  The  reports  should  be  widely  distributed  in  the  east  for, immigration 
purposes.  I  hope  the  good  work  of  the  weather  bureau  will  continue  and  that  its 
scope  of  usefulness  wiU  be  extended  in  every  way  po.ssiblc.  The  farmer  is  ruled  by 
the  climate  and  the  reports  are  a  valuable  help  to  him." 

W.  H.  Goudy,  farmer,  Hubbard :  **  The  reports  are  considered  most  valuable  by 
the  farmers  of  this  section." 

Wm.  Holder,  officer  State  Grange,  Grass  Valley:  "The  reports  are  filled  with  in- 
formation of  the  utmost  importance  to  the  farmers  of  Oregon  as  well  as  to  all  other 
classes.  The  weekly  crop  weather  reports,  as  published  in  all  of  the  papers,  is  more 
eager ly  sought  after  and  read  by  our  people  than  any  other  one  thing  published. 
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I  do  not  think  thnt  the  originator  of  the  hill  ooald  have  foreseen  the  entire  amoant  of 
ffood  it  will  do  the. people  of  Oregon,  as  no  one  thing  ever  done  by  our  legislature 
has  given  the  satisfaction  that  this  weather  service  has." 

£.  M.  Harriman,  farmer,  The  Dalles :  **  The  reports  are  of  great  benefit,  especially 
to  the  farmers  of  the  State.  The  prevailing  opinion  in  this  section  is  that  the  bureau 
is  doing  excellent  work,  and  its  facilities  should  be  increased." 

The  following  is  an  extract  from  the  annual  address  of  the  worthy  master  of  the 
Oregon  Orange,  delivered  at  the  annual  meeting  held  at  Salem,  May  27-30,  1890 : 

''I  recently  received  a  letter  from  Prof.  B.  S. Tague,  observer  of  the  United  States 
Signal  Service  at  Portland,  giving  his  observations  while  visiting  our  AgrionUnral 
Collogein  Corvallis,  which  I  shall  submit  to  the  committee  on  agricultural  college, 
and  shall  probably  call  for  its  reading  during  the  session. 

''I  requested  that  a  copy  of  the  monthly  report  of  Oregon's  weather  bureau  be 
sent  to  every  subordinate  grauge  in  Oregon,  which  the  pro^ssor  kindly  granted,  aud 
the  report  will  be  sent  to  all  free  of  charge  upon  the  request  of  the  gi-ange.  They 
are  very  interesting,  as  they  contain  valuable  matter  for  f^tudy  and  investigation 
which  pertains  directly  to  agriculture,  and  can  be  made  of  immense  value  if  used  in 
our  subordinate  granges  under  the  head  of  suggestions  for  the  good  of  the  order." 

It  is  hoped  to  compile  a  full  report  of  the  meteorological  conditions  of  Oregon, 
which  will  form  a  part  of  the  ^rst  report  to  the  Oregon  legislature,  which  will  coo- 
Tene  in  January  next.  It  will  require  fully  four  months  to  do  this  work  and  at  th» 
same  time  attend  to  the  regular  State  work ;  this  is  outlined  in  the  expectation  that 
the  assistant  director  will  have  bis  entire  time  to  devote  to  State  w  ork. 

The  Oregon  Experiment  Station  and  Agricultural  College,  located  at  Corvallis, 
Oregon,  has  been  fully  equipped,  with  aU  meteorological  instrumeuts.  This  equip- 
ment was  desired  by  the  board  of  regents  in  order  that  the  experimencs  in  agriculture 
could  be  more  thoroughly  studied  by  having  full  climatic  reports  to  consult.  The 
college  authorities  pay  a  small  salary  to  one  of  the  students  who  acts  as  observer. 
The  college  at  Forest  Grove  has  also  been  furnished  quite  coinnletely  with  instru- 
ments.   The  State  University  at  Eugene  will  be  fully  equipped  before  September  1. 

Considerable  delay  was  caused  in  establishing  stations  by  James  W.  Queen  Sl  Co., 
Philadelphia,  Pa.,  who  were  a  long  time  in  filling  the  order  for  the  instrumenta,  and 
it  was  found  when  they  did  arrive  that  some  of  the  measuring  sticks  were  inaccurate, 
and  some  of  the  thermometers  in  error  from  3^  to  20^.  The  barometers  were  not  at 
all  satisfactory,  and  the  sunshine  recorders  of  no  account.  It  should  be  said  for  the 
firm,  however,  that  they  made  all  errors  good,  but  considerable  trouble  was  caused 
by  their  shipping  these  inaccurate  instruments  3,000  miles. 

The  reports  of  this  bureau  are  mainly  nsed  for  immigration  purposes,  although  all 
classes  of  people  call  for  them  and  to  receive  information  with  regard  to  the  climate 
in  varions  parts  of  the  State.  Frequent  requests  come  from  Eastern  States  for  cli- 
matic printed  matter. 

It  is  hoped  to  receive  an  additional  appropriation  from  the  next  legislature  of 
|2,500,  to  be  used  in  the  purchase  of  additional  instruments,  for  clerical  hire,  aud  also 
for  traveling  expenses,  as  every  station  in  the  State  should  he  inspected. 

The  work  of  <this  bureau  has  started  must  auspiciously ;  it  has  the  hest  of  support 
from  the  citizens  of  the  State,  and  its  success  is  almost  certain.  The  service  can  not 
be  continued  as  it  now  is  many  months  longer;  t.  e.,  the  assistant  director  giving 
what  time  he  can  from  station  duties  to  State  work,  as  it  is  too  laborions,  and  the 
latter  would  suffer  from  lack  of  time  to  give  to  it. 

An  additional  room,  as  recommended  in  the  last  annual  report,  has  been  secured, 
and  it  greatly  facilitates  work.  The  Oregon  notice  in  the  ''National  crop  report" 
met  with  hearty  favor,  furnishing  as  it  did  to  the  eastern  resident  a  weekly  authentic 
report  of  the  crops  in  this  State. 

The  practical  benefits  derived  from  this  bureau  during  the  year  are :  A  record  of 
the  climatological  features  of  the  State  ;  a  published  statement  of  the  same,  which 
oan  not  but  prove  to  be  beneficial  in  matiy  ways  at  present  as  well  as  in  the  future; 
the  reports  from  week  to  week  on  the  growth  and  progress  of  crops,  of  which  has  been 
said,  ''The  crop  reports  are  alone  worth  ten  times  the  amount  appropriated  by  the 
State  to  organize  the  bureau."  In  one  instance  it  was  brought  to  my  notice  that  the 
monthly  reports  were  the  means  of  bringing  five  families  to  Oregon*  Data  has  been 
furnished  to  agricultural  societies,  hoards  of  trade,  railroads,  surveyors,  lawyers, 
merchants,  editors,  colleges,  shipping  interests,  etc. 

Great  improvement  has  been  made  during  the  yeiir  and  a  large  mass  of  data  col« 
lected. 

It  is  hoped  to  have  two  or  three  stations  in  each  county  equipped  with  maximum 
and  minimum  thermometers  and  with  rain  gauges.  Rain  gauges  will  be  liberally 
distributed  through  the  semiarid  regions  of  the  eastern  part  of  the  State. 

Observations  of  soil  temperatures  have  been  made  for  the  past  six  months  at  Cor- 
vallis, in  western  Oregon,  and  at  Pendleton,  in  eastern  Oregon.  Similar  observa- 
tions in  the  Groat  Harney  section  will,  it  is  hoped,  be  started  at  an  early  date. 
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Tbd  Oregon  weather  barean  has  been  the  means  of  agitating  the  organization  of 
a  similar  seryice  in  the  new  State  of  Washington,  which  will  moat  likely  be  acoom- 
plished  in  the  next  few  years.  It  could  be  done  now  if  the  sabjeot  were  properly 
presented  to  the  legislature. 

This  barean  i?  nnder  obligations  to  the  Chief  Signal  Officer  for  tho  liberal  policy  he 
has  pnrsaed  toward  it  in  the  famishing  of  blanks,  qf  an  additional  office  room,  and 
in  allowing  the  time  of  the  assistant  director  to  be  nsed  in  the  work  of  the  burean, 
as  all  the  work  is  done  by  him.  Althongh  a  general  interest  in  the  work  of  the 
bnrean  prevails  in  the  State,  yet  there  is  no  one  who  can  spare  the  time  without 
compensation  in  assisting  or  directing  the  work. 

Inclosure  C  is  a  list  of  the  stations,  names  of  the  observers,  kind  of  instrnments, 
to  whom  thev  belong,  and  kind  of  reports  received. 
Inclosaro  l)  is  a  list  of  the  crop  weather  reporters. 

Inclosure  E  gives  the  average  dates  of  planting  and  harvesting  the  prinoipal  crops 
in  the  State. 
All  of  which  is  respectfully  submitted. 

H.  E.  Hatbs, 
Master  State  Orange^  Director, 
By  B.  a  Fagub, 
Sergeant  Observer  Signal  Service,  Assistant  Director. 
The  Chief  Signal  Officer, 

Washingtonf  D,  C, 

PENNSYLVANIA. 

Pennsylvania  State  Weather  Service, 

Philadelphia,  July  1,  1890. 

Sir  :  I  have  the  honor  to  submit  the  following  report  relative  to  the  operations  of 
the  Pennsylvania  State  weather  service  during  the  year  ending  June  30,  m90. 

The  service  continues  under  the  same  management  and  has  oeen  conducted  nnder 
the  same  plan  as  heretofore. 

No  changes  have  been  made  in  the  personnel  since  the  service  was  established 
nnder  and  by  virtue  of  the  act  of  May  13, 1B87. 

An  additional  appropriation  of  $5,000  was  granted  during  the  last  session  of  the 
legislature. 

The  service  fully  recognizes  and  appreciates  the  substantial  aid,  liberal  policy,  and 
cooperation  of  the  Chief  Signal  Officer  in  bringing  the  service  to  its  present  state  of 
efficiency. 

A  steady  advance  has  been  made  during  the  past  year  in  obtaining  reliable  data 
and  in  the  increase  of  reporting  stations.  Owing  to  the  difficulty  of  securing  com- 
petent and  reliable  observers,  there  are  still  some  sections  in  the  western  portion  of 
the  State  that  are  not  yet  provided  for.  Some  changes  in  stations  and  observers 
have  been  necessary,  but  very  many  of  the  re<y)rds  are  continuous. 

Great  praise  is  due  those  observers  who  have  expended  their  time  and  labor  in  a 
voluntary  service.  The  accompanying  paper,  marked  A,  contaihs  a  list  of  the  names 
of  stations,  with  the  names  of  the  observers,  from  which  meteorological  reports  have 
been  received  during  the  past  year.  These  reports  have  been  tabulated  and  pub- 
lished in  the  monthly  weather  review  of  the  State  service,  the  issue  of  which  is 
1,000  copies  per  month.  In  addition  to  this  a  reissue  has  been  published  in  the 
Jonmal  of  the  Franklin  Institute  (monthly),  and  at  the  end  of  each  vear  the  reports 
are  reproduced  and  pablished  in  the  annual  report  of  the  secretary  of  internal  atfairs 
of  the  State  of  Pennsylvania.  These,  together  with  the  extracts  published  by  the 
Chief  Signal  Officer  and  by  various  newspapers,  insure  that  the  data  obtained  shall 
have  an  extensive  circulation. 

Since  the  establishment  of  the  service  all  of  the  available  records  of  temperature 
and  rainfall  of  Pennsylvania  that  cover  a  series  of  years,  some  of  them  going  back 
almost  to  colonial  times,  have  been  collected,  collated,  and  published  by  the  secre- 
tary of  internal  affairs  in  his  annual  report  of  1888.  This  preserves  many  valuable 
records  f^m  probable  loss,  places  them  within  the  reach  of  all  who  may  wish  to  nse 
them  for  reference,  and  gives  due  credit  to  those  who  have  spent  much  labor  and 
time  in  a  work  from  which  all  citizens  of  the  Commonwealth  will  derive  benefit. 

Jn  iMldition  to  the  regular  monthly  publication  of  pressure,  temperature,  and  rain- 
fall data,  the  Juno  weather  review  of  188&  contained  a  map  of  the  State,  on  which 
is  graphically  illustrated  the  unprecedented  rainfall  of  May  30  and  31,  which  caused 
the  disastrous  floods  at  Johnstown  and  other  portions  of  the  State.  Since  then  each 
issue  of  the  review  has  been  supplemented  by  maps  showing  the  normal  tempera- 
ture, the  mean  temperathre,  and  rainfall  for  the  current  month. 

The  value  of  the  State  service  was  shown  in  its  ability  to  furnish  snch  complete 
and  reliable  data  of  the  rainfall  that  caused  such  destruction  to  life  and  property. 
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These  records  have  been  freely  used  in  the  settlement  of  claims  for  damages  eansed 
by  floods.  Records  of  temperatare  have  been  found  valuable  by  the  coal  interest  in 
determining  the  effect  of  changes  on  the  output  of  coaL 

The  issue  of  the  weekly  weather  crop  bulletin  began  during  the  first  week  in 
Hay,  and  will  be  continued  until  the  staple  crops  are  harvested.  These  reports  are 
recognized  as  of  great  interest  and  value  to  tne  public  generally  and  have  been 
largely  published  oy  the  newspapers  throughout  the  State.  Two  hundred  copies  are 
issued  each  Saturday  evening.  A  brief  telegraphic  report  of  the  condition  of  the 
crops  throughout  the  State  has  been  regularly  furnished  the  Chief  Signal  Officer  at 
the  end  of  each  week.  These  form  a  portion  of  the  weekly  bulletin  issued  from  the 
Chief  Signal  Office  and  have  been  extensively  published  by  the  leading  pikers. 

The  accompanying  paper,  marked  B,  shows  the  average  time  of  planting  and  har- 
vesting the  staple  crops  of  Pennsylvania,  as  furnished  by  the  crop  correspondents. 

The  weather  signal  display  stations  have  been  well  maintained,  with  very  satis- 
factory  results  and  with  the  usual  interest.  The  accompanying  paper,  marked  C, 
contains  the  names  of  the  stations  and  displaymen  that  were  displaying  signals  at 
the  end  of  June,  1890. 

The  average  percentage  of  local  verifications  of  weather  and  temperature  signals 
as  reported  by  msplaymen  was :  weather,  84  per  cent. ;  temperature,  88  per  cent. 

Very  many  sections  of  the  State  are  reached  at  an  early  hour  each  morning  by  the 
newspapers  containing  the  forecasts.  The  railway  bulletin  service  covers  a  large 
extent  of  territory. 

The  facilities  for  obtaining  the  weather  foi^ecasts  in  Pennsylvania  are  now  so 
thorough  and  complete  that  the  areas  not  proviiled  for  are  comparatively  small. 

Few  realize  the  number  of  persons  that  are  daily  furnished  with  the  forecasts  and 
warnings  of  the  Signal  Service  through  the  different  organizations  that  are  cooper- 
ating with  that  service.  Like  the  many  other  benefits  and  privileges  to  which  people 
become  accustomed,  their  value  and  advantages  are  understood  and  recognized,  but 
because  the  novelty  has  worn  off  their  merits  cease  to  be  discussed. 

Verifications  are  expected,  and  the  masses  are  guided  by  the  information  furnished 
them.  Comments  are  heard  mostly  when  the  forecasts  are  not  verified.  This  is  the 
best  evidence  of  the  value  of  the  service,  and  the  demand  for  the  information  fur- 
nished has  become  almost  universal. 

The  advantages  of  State  services  as  auxiliaries  for  the  dissemination  of  weather 
forecasts  and  warnings,  as  well  as  the  collection  of  climatological  data,  is  now  too 
well  understood  to  need  discussion. 

The  experimental  stage  has  been  passed,  and,  profiting  by  the  experience  gained, 
each  State  service  should  soon  attain  a  high  standard  of  excellence.  There  is  no  in- 
dustry that  is  not  more  or  less  effected  by  atmospheric  conditions,  and  when  the  per- 
manent conditions  of  the  climate  of  each  section  can  be  closely  approximated,  proper 
location  can  easily  be  selected  that  will  meet  every  demand. 

Wbile  other  organizations  are  working  for  the  general  good  and  solving  problems 
that  can  only  ba  done  by  cooperatiou,  the  State  services  will  perform  a  conspicuous 
part  in  the  great  work. 

Very  respectf ully,  your  obedienf  servant, 

T.  F.  TOWNSKND, 

Sergeant  Signal  Corpe, 
The  Chief  Signal  OrFicsR, 

WoBhington  City. 
Approved : 
Wm.  H.  Wahl, 

Seoretarg  ComwUttee  on  Meteorology^  Franklin  Instit%te, 

SOUTH  CAROLINA. 

Columbia,  S.  C,  Julg  1, 1890. 

Sir  :  The  condition  of  this  service  is  satisfactory.  The  farmers  generally  through- 
out the  State,  realizing  its  great  value  to  our  agricultural  population,  are  taking 
more  interest  in  the  operations  of  the  service  than  at  any  time  siuce  ^ts  establish- 
ment, and,  under  different  management,  the  institution  is  increasing  in  popularity 
with  the  people  of  the  entire  State.  The  service  has,  however,  by  no  means  reached 
the  limit  of  its  efficiency  and  there  is  yet  more  to  be  done. 

We  have  at  present  20  display  stations  located  on  the  lines  of  the  Western  Union 
wires.  This  number  it  is  hoped  will  be  increased  to  30  as  soon  as  possible,  as  several 
important  points  in  the  State  are  still  without  stations. 

During  tne  seeding,  growing,  and  harvest  season  crop  and  weather  reports  have 
been  received  from  correspondems  in  every  county  in  the  State.  During  the  present 
crop  season,  which  commence<l  April  5,  thcHe  reports  have  been  collated,  syuopsised, 
and  issued  in  the  form  of  weekly  crop  bulletins,  which  have  been  extensively  olrcu- 
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latedy  not  only  tlirough  tUe  mails,  but  their  pablication  has  been  secured  in  the  lead- 
ing daily  papers  of  the  State.  These  reports,  reflecting  as  they  do  the  condition  of 
the  staple  crops  grown  in  South  Carolina,  have  attracted  general  attention  and  the 
edition  has  been  steadily  increased  to  meet  the  demand  from  persons  living  beyond 
the  limits  of  the  State  who  are  interested  in  our  agricultural  products. 

As  stated  in<  the  last  report,  there  hsa  been  no  State  legislation  in  aid  of  the  weather 
service.  What  has  been  accompliuhed  up  to  this  time  has  been  by  the  Department 
of  Agriculture,  which  has  appropriated  and  expended  about  |2,000  in  the  purchase 
of  instruments,  flags,  etc.  In  this  sum  is  not,  of  course,  included  the  cost  of  printing, 
which,  as  the  complete  weather  reports  are  published  in  both  the  monthly  and  an- 
nual reports  of  the  Department,  would  amount  to  a  considerable  sum. 

The  State  river  service  inaugurated  some  time  ago  is  in  good  working  condition. 
Observers  at  nine  important  river  point-s  report  daily  to  this  office  the  heiglit  of  water, 
speed  of  current,  etc.,  thus  enabling  us  to  forewarn  districts  subject  to  overflows 
of  any  impending  danger. 

A.  P.  Butler, 

Director, 

G.  E.  Hunt, 

Corporal  Signal  Corp9,  AsHstauU 

SOUTH  DAKOTA. 

« 

Huron,  S.  Dak.,  Juhf  14,*1890. 

Sir  :  I  have  the  honor  to  make  the  following  report  relative  to  the  North  and  South 
Dakota  State  weather  service  work  during  the  liscal  year  just  ended.   . 

The  service  has  been  conducted  wholly  by  the  observer  in  charge  at  this  station. 

At  the  suggestion  of  the  observer,  Mr.  Juo.  Cain,  State  senator  for  the  Huron  dis- 
trict, introduced  and  pressed  to  passage  a  bill  (senate  bill  No.  148)  establishing  a 
South  Dakota  meteorological  bureau,  and  the  governor  was  empowered  to  appoint  a 
director  therefor ;  a  section  providing  an  appropriation  for  the  publication  of  the 
reports  of  the  bureau  was  stricken  out  in  joint  committee.  The  appointment  of  a 
director  has  not  yet  been  made,  because,  the  observer  is  privately  informed,  the  au- 
thorities are  well  satisfied  with  the  manner  in  which  the  duties  are  now  discharged; 
hence  the  observer  is  ex-officio  director. 

A  monthly  summary  is  issued,  as  also  a  complete  tabular  statement  of  meteorological 
observations  of  several  stations.    The  issue  is  150  copies  monthly. 

The  weekly  weather  crop  bulletin  is  an  important,  and  apparently  highly  appre- 
ciated, feature  of  the  State  service  work.  It  is  issued  each  Saturday  from  March  15 
to  September  15,  and  comprises  a  summary'  of  weather-crop  conditions  and  extracts 
from  remarks  by  correspondents  of  the  several  counties  received  between  the  dates 
covering  the  issue  nnder  consideration.  There  are  about  100  correspondents,  and 
nearlv  all  report  regularly  each  week.  The  bulletin  is  published  by  two  daily,  three 
weekly,  and  two  monthly  publications  issued  at  Huron ;  the  Sioux  Falls  Daily  Press, 
and  a  number  of  weeklv  papers  throughout  South  Dakota ;  also  the  St.  Paul  Pioneer 
Press  and  Globe,  the  Alinneapolis  Jimrnal,  and  the  Chicago  Inter-Ocean.  The  local 
^correspondent  is  authorized  to  wire  a  limited  number  of  words  each  week  to  the 
*  Pioneer  Press  and  th<^  Minneapolis  Journal.  It  is  also  in  demand  in  many  grain  houses 
in  the  East  as  well  as  to  loan  and  security  corporations  and  flouring  and  linseed-oil 
works.  It  is  used  by  the  commissioner  of  immigration  for  Sonth  Dakota  in  making 
np  his  monthly  crop  reports,  and  bv  the  general  freight  agent  of  the  Chicago  and 
Northwestern  Railway  Company.    The  issue  is  180  copies  weekly. 

It  is  believed  the  State  service  is  on  a  much  firmer  basis  than  at  my  last  report  and 
the  benefit  to  the  public  steadily  increasing.  While  one  or  two  of  the  voluntary  ob- 
servers have  evinced  lack  of  interest  in  the  work,  the  remainder  have  been  zealous 
and  fonnd  interest  therein.  In  a  few  cases  press  of  business  has  necessitated  the 
transfer  of  instmments,  but  this  has  been  done  in  such  manner  as  to  insure,  as  far  as 
possible,  continuity  of  observations  and  records. 

While  there  is  no  doubt  of  great  benefit  derived  by  the  public  from  the  daily  fore- 
casta  furnished  to  points  in  both  States  at  Signal  Service  expense,  and  the  minority 
of  the  favored  points  would  not  care  to  see  them  discontinued,  there  is  reason  to  be- 
lieve that  in  some  cases  the  conditions  nnder  which  they  are  furnished  are  not  strictly 
complied  with  by  the  displaymen.  Of  this,  however,  I  have  no  personal  knowledge, 
as  station  dnties  and  the  absence  of  an  assistant  preclude  inspections  which  might 
otherwise  be  made  witibout  expense  to  the  Signal  Service. 

The  observer  be^s  to  respectfully  renew  his  recommendation  of  last  year,  that  the 
present  organization,  boundaries  considered,  be  continued  for  South  Dakota,  and  a 
separate  service  for  North  Dakota  be  established  within  her  boundaries.  It  is  be- 
lieved, after  close  observation  and  careful  consideration  of  the  matter,  that  such  action 
ironld  tend  to  more  liberal  legislation  for  the  South  Dakota  service,  and  be  moro 
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satisfactory  to  tfae  North  Dakota  people.  Tbore  is  more  or  less  of  a  feeling,  bordering  on 
Jealoosy,  existing  between  the  two  sections,  and  considerable  difficulty  has  been  ex- 
perienced in  obtaining  crop  report-ers  in  North  Dakota.  There  is  also  in  the  matter 
of  climate  and  prodnots  a  marked  difference. 

The  following  is  a  copy  of  the  bill  which  was  passed  by  the  State  legislature  of 
South  Dakota,  and  approved  by  the  governor  on  March  8,  18i^0 : 

A  BILL  for  an  act  to  establUb  a  State  meteorological  bareao. 

Be  it  enaeted  hy  the  legialaiure  of  the  State  of  South  Dakota: 

Skction  1.  A  State  meteorological  burean  is  hereby  created,  and  the  governor  Js 
hereby  authorized  to  designate  some  member  of  the  faculty  of  the  Agricultural  Col- 
lege at  Brookings  to  act  as  director  of  said  bureau,  without  extra  corapeusatiou, 
whenever  the  Chief  Signal  Office  of  the  United  States  shall  detail  an  observer  to  act 
as  assistant  to  the  director  of  said  burean. 

Skc.  2.  The  meteorological  bureau  shall  superintend  the  volunteer  weather  service 
now  established  in  the  State,  and  shall  appoint  suob  additional  volunteer  observers 
and  crop  reporters  as  may  from  time  to  time  bo  considered  necessary.  Said  bureau 
shall  prepare,  from  the  reports  of  the  volnnteer  observers,  a  monthly  meteorologicflJ 
summary,  and  publish  the  same  for  free  distribution.  It  shall  also  prepare  and  pub- 
lish weekly,  from  the  fifteenth  of  March  to  the  1st  of  September  in  each  year,  for  free 
distribution,  a  crop  bulletin,  containing  a  thorongh  review  of  the  reports  furnished 
by  the  reporters  of  the  service. 

Seo.  3.  Whereas  it  is  necessary  that  tbe  work  of  the  bureau  should  be  undertaken 
at  an  early  date  in  order  that  it  may  be  of  benefit  during  the  crop  season  of  eighteen 
hundred  and  ninety,  an  emergency  exists,  and  it  is  hereby  provided  that  this  act  shall 
take  effect  from  and  after  its  passage  and  approval. 

Dates  of  planting  and  harvesting  principal  crops  in  South  Dakota. 


Crop. 

Planting. 

• 

Harvesting. 

Wheat 

* 
March  1  to  April  10 

July  15  to  August  l.| 
July  20  to  August  10. 
September  10  to  30. 
Do. 

Oats 

March  20  to  April  20 

Corn ............... 

May  1  to  10 

Flax 

May  1  to  June  20, 

Millet 

May  1  to  July  1 

September  1  to  30. 

« 

This  applies  more  especially  to  South  Dakota ;  on  an  average  North  Dakota  plants 
from  five  to  ten  days  later. 
Very  respectfully, 

S.  W.  Glenn, 
Sergeant  Signal  Corpe^  in  charge, 

TENNESSEE. 

Nashville,  Tenn.,  July  1,  1890. 

Dear  Sib:  I  have  the  honor  to  submit  the  following  report  for  the  year  ending 
June  30,  1890,  of  the  meteorological  department  of  the  State  board  of  health : 

There  have  been  comparatively  few  changes  in  the  service  in  this  State  since  the 
last  report.  The  number  of  stations  is  about  the  same,  yet  there  is  to  be  noted  a 
general  improvement;  the  number  of  unbroken  records  is  on  the  increase,  which  is  a 
very  gratifying  fact,  as  it  shows  that  observers  are  beginning  to  appreciate  more  the 
importance  of  having  their  station  records  comf)lete  as  far  as  their  limited  facilities 
will  permit. 

The  lack  of  standard  instruments  has  been  a  great  obstacle  in  the  way  of  increas- 
ing the  nnmber  of  stations  in  the  State,  and  as  the  legislature  has  oontinned  to  with- 
hold financial  aid  for  this  special  feature  of  our  work,  we  still  depend  upon  the  generos- 
ity of  the  United  States  service,  supplemented  by  such  support  as  the  State  board  of 
health  is  enabled  to  give  out  of  its  meager  annual  allowaoice.  There  is  much  terri- 
tory yet  uncovered  which  might  be  occupied  and  furnish  exceedingly  interesting  and 
valuable  meteorological  data  if  the  proper  instrnments  conld  be  procured.  This  is 
especially  the  case  in  the  eastern  division ;  in  the  extreme  northeastern  portion, 
along  the  western  slope  of  the  Unaka  Mountains;  in  the  middle  division,  along  the 
western  edge  of  the  Cumberland  Plateau,  and  on  the  upper  Cumberland ;  also  in  the 
northern  and  central  portions  of  the  western  division. 

Ten  or  twelve  stations  in  charge  of  good  voluntary  observers  in  the  sections  referred 
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to  woald  fcive,  together  with  the  present  stations,  a  snffioient  oovering  of  the  territory 
of  the  State  to  have  very  satisfactory  results  in  the  oolleotion  of  meteorological  data 
•each  month.  Correspondence  looking  to  this  end  has  been  began,  and  it  is  reasona- 
bly certain  that  before  the  close  of  the  present  year  much  if  not  all  thia  territory  will 
be  ooyered  if  the  instruments  can  be  procnred. 

But  those  who  are  willing  to  undertake  this  voluntary  work  are  not  inclined  to 
assume  individually  the  pecuniary  responsibility  of  instruments,  hence  it  is  often 
difficult  to  secure  the  services  of  a  ^ood  observer;  whereas  if  the  obligation  of  the 
State  board  of  health  could  be  substituted  instead,  no  doubt  suitable  observers  could 
be  arranged  with  at  an  early  date  to  begin  this  work  at  once.  I  present  herewith  a 
list  of  vcSuntary  stations  showing  kind  of  instruments  used  and  blanks  employed  for 
reports  and  other  items,  marked  A,  also  memoranda  of  stations  established  and  dis- 
continued during  the  year,  and  other  items,  marked  B. 

The  number  of  stations  where  daUy  forecasts  are  displayed  by  flags  has  decreased 
since  the  last  report.  The  cause  for  this  falling  off  may  be  either  the  fact  that  at  many 
of  the  places  the  predictions  are  received  by  daily  papers  and  reach  a  lar^e  number 
of  readers,  or  there  is  a  lack  of  interest  in  the  signals,  and  an  indisposition  on  the 
part  of  the  community  to  contribute  toward  the  expense  of  keeping  up  the  flags  and 
properly  displaying  them.  In  a  few  places  there  are  public-spirited  citizens  who  dis- 
play the  signals  at  their  own  expense,  and  these  are  the  stations  that  are  continued. 

It  has  been  shown  that  these  predictions  are  of  decided  value  to  the  farmer  as  well 
as  the  commercial  man  and  general  scientific  uses..  They  have  often  been  tlie  means 
of  saving  thousands  of  dollars  to  those  interested  in  the  prodoctioo  and  handling  of 
the  crops  of  the  State  and  the  attai  nment  of  other  importan  t  ends.  A  list  oi  the  display 
stations  is  herewith  presented,  marked  C. 

The  publication  of  the  weekly  weather-crop  bulletin  was  resumed  March  15.  Of 
all  the  Dulletins  emanating  ftom  the  Signal  Office  or  its  weather  service  adjuncts  in 
the  various  States,  this  is  by  far  the  most  important  to  tbose  interested  in  the  prod- 
ucts of  the  soil,  and  the  growing  interest  is  manifested  in  the  increased  demand  for  it. 
The  weekly  edition  of  the  Tennessee  weatherrcrop  bulletin  goes  to  the  daily  press  of 
the  State,  to  a  large  number  of  merchants  in  this  and  other  States,  also  to  the  com- 
mercial exchanges  in  most  of  the  large  cities  throughout  the  country. 

This  publication  has  done  more  to  popularize  the  Signal  Service  with  all  those  who 
are  concerned  either  in  the  direct  proauction  or  handling  of  agricultural  products  than 
perhaps  any  other,  certainly  in  this  State,  because  it  brings  to  them  officially  each 
week  the  latest  and  most  reliable  information  concerning  the  growth  and  maturity 
and  prospects  of  the  various  crops  of  the  country.  It  is  not  saying  too  much  that  the 
efforts  of  the  Chief  Signal  Officer  in  this  direction  have  been  attended  with  the  best 
results,  and  he  has  miMle  the  service  invaluable  to  the  farmer  and  to  the  commercial 
man  through  the  medium  of  this  adjunct  to  the  service.  It  has  been  reserved  for  the 
weather-crop  bulletin  to  bring  directly  home  to  the  citizen  the  practical  value  of  the 
Signal  service,  and  so  loutf  as  it  is  properly  maintained,  supplementing  the  daily 
forecasts,  the  service  will  be  regarded  by  the  average  citizen  as  one  of  the  greatest 
blessings  under  the  Government, 
lonrs,  respectfully, 

J.  D.  Plunkst,  M.  D., 
IHreotar  of  ike  Meteorological  Department  of  the  State  Board  of  Mealth, 

H.  C.  Batk, 
Sergeant,  Signal  CorpB,  Aeeietant, 

TEXAS. 

Oalvbstok,  Tbx.,  July  14, 1890. 

Sir  :  I  have  the  honor  to  submit  the  following  report  of  the  operation,  of  the  Texas 
weather  service  for  the  year  ending  June  30,  1890.  This  service  is  operated  with 
the  assistant e  of  the  U.  8.  Signal  Service,  which  has  furnished  the  necessary  instru- 
ments. The  expense  for  furnishing  the  reports,  etc.,  is  defrayed  by  the  Galveston 
Cotton  Exchange.  This  service  during  the  year  has  been  under  the  charge  of  the  ser- 
geant of  the  Signal  Service  assigned  as  assistant  to  the  director,  Dr.  I.  M.  Cline, 
whose  general  knowledge  of  the  climate  of  Texas  iits  him  especially  for  this  impor- 
tant work. 

There  are  now  in  operation  in  this  State  60  voluntary  stations,  nearly  all  of  which 
render  reports  regularly  to  the  central  office,  Galveston,  Tex.,  where  they  are  care- 
fully checked  and  corrected  and  a  monthly  summary  printed.  After  having  extracted 
the  necessary  data  for  this  summarv  the  original  reports  are  forwarded  to  the  Chief 
Signal  Officer.  Included  in  the  above  are  15  cotton-region  observers,  10  of  whom 
render  voluntary  reports  of  temperature  and  rainfall  during  the  winter  of  this  year, 
and  all  of  whom  have  a^preed  to  render  voluntary  reports  during  the  winter  in  future. 
This  gives  us  an  experienced  and  careful  class  of  observers  at  the  most  important 
agricultural  centers  of  the  State  throughout  the  year.  The  voluntary  observers  are 
as  a  mle  willing  and  competent  men,  who  take  an  interest  in  the  work  and  whose 
•ervices  deserve  much  oxedit. 
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Daring  the  year  the  forecasts  and  oold-wave  warnings  issued  from  Washington  were 
distributed  tcom  this  office  to  twenty-seven  poLu&s  in  Texas.  Farmers,  stockmen, 
and  dealers  in  perishable  goods  place  a  groat  deal  of  confidence  in  these  reports,  and 
from  information  at  hand  it  is  plain  that  a  great  amonnt  of  property  is  sayed  annual  ly 
by  these  warnings. 

A  fhll  and  complete  weather-crop  bulletin  is  iesned  each  week  in  the  year,  and  is 
one  of  the  most  important  and  valuable  features  of  the  service.  It  gives  information 
both  to  the  farmer  and  merchant  as  to  the  exact  status  of  the  staple  crops  in  the  State 
every  se^en  days,  thereby  enabling  them  to  formulate  their  plans  iu  accordance  with 
the  prospective  crop.  It  enables  the  fanner  to  approximate  beforehand  the  probable 
price  his  com  and  cotton  will  bring,  and  enables  the  merchant  to  either  cut  or  in- 
crease his  orders  for  goods  as  the  prospects  for  crops  warrant.  This  bulletin,  though 
seldom  containing  less  than  one  thousand  words,  is  transmitted  iu  full  by  telegraph 
to  all  the  daily  papers  in  the  State  receiving  Associated  Press  dispatches,  and  re- 
published by  the  weekly  papers  generally  over  the  State.  The  material  part  of  the 
bnlletin  is  telegraphed  weekly  to  the  Commercial  and  Financial  Chronicle,  New  York, 
by  their  correspondent,  and  I  am  informed  that  it  is  cabled  from  there  to  Europe. 
The  bulletin  is  mailed  to  a  ltti*ge  number  of  individuals  and  firms  who  deal  in  the 
staple  products  of  the  State  in  Texas  and  in  other  States.  Business  men  in  the  east- 
ern cities  are  requesting  that  it  be  mailed  to  them,  in  order  to  get  the  full  text. 
During  the  year  nearly  10,000  of  the  weekly  bulletins  were  distributed.  The  com- 
ments made  by  those  interested  show  that  this  publication  iH  of  immense  value  to 
commercial  interests,  and  that  its  benefits  are  not  confined  to  Texas,  but  are  felt  by 
business  men  of  other  States. 

Mr.  Runge,  president  of  the  Qalveston  Cotton  Exchange,  says:  ' 

"I  consider  the  Texas  Weekly  Weather  Crop  Bulletin  a  publication  of  great  value 
to  the  commercial  interests  of  Texas.  It  gives  each  week  the  temperature  and  rainfall 
for  the  Various  sections  of  the  State,  together  with  the  condition  of  crops,  and  I  have 
found  by  close  observation  that  its  statements  arre  accurate.  The  form  and  manner 
in  which  it  is  published  gives  the  highent  satisfaction  to  the  exchange.'' 

No  opportunity  will  be  lost  whereby  the  usefulness  of  the  service  may  be  increased, 
and  it  is  hoped  by  arduous  efforts  to  make  it  a  permanent  benefit  to  the  State  both 
for  climatological  and  commercial  purposes.  The  data  furnished  by  the  observers  will 
be  of  a  great  value  in  determining  the  climate  of  the  various  parts  of  the  State,  of 
which  at  present  very  little  is  known.  This  data  can  boused  to  good  advantage 
for  the  various  scientific  purposes.  Sergeant  Cline  in  now  devoting  his  spare  time  to 
tabulating  data  bearing  on  the  relation  whicli  sudden  and  decided  changes  in  tem- 
perature bear  to  the  death  rate.  He  has  at  his  command  fifteen  years'  records  of  the 
temperatnre  and  deaths  in  this  city,  and  it  is  believed  that  he  will  be  able  to  make 
deductions  which  will  be  of  value  to  medical  meteorology. 

Sergeant  Cline  is  commended  to  the  Chief  Signal  Office  for  the  able  and  efficient 
manner  in  which  he  has  managed  this  service  and  for  his  zeal  and  interest  iu  the 
work. 

In  closing  this  report  I  must  extend  the  thanks  of  the  Cotton  Exchange  and  my> 
self  to  the  Chief  Signal  Officer  for  the  valuable  aid  and  support  he  has  given  the 
Texas  weather  service. 

I  am,  Tery  respectfully, 

D.  D.  Bryan, 
Director  Texan  JVeather  Servioe. 
I.  M.  Clink, 
Sergeant,  Signal  Corps,  AaeistanL 

VIRGINU. 

Beferring  to  the  incomplete*  weather  service  organization  in  Virginia,  the  following 
letter  from  the  observer  in  charge  of  the  crop  bnfietin  service  at  Lynchbnrgh,  Ya.,  is 
submitted :  i 

Ltnchburoh,  Ya.,  Auguetl^  1890.     j 

Sir  :  I  have  the  honor  to  state  that,  in  accordance  with  your  approval  in  letter 
dated  June  2,  1890,  I  have  furnished  copies  of  the  weekly  Yirginia  weather  crop  bal- ' 
letin  to  each  of  the  voluntary  observers  and  correspondents  of  this  State,  and  to  each 
paper  that  ha»agreed  to  publish  the  same,  until  at  present  it  requires  50  copies  each 
week.  The  bulletin  has  met  with  hearty  and  universal  approval ;  sixteen  newspapers, 
weekly  and  daily,  throughout  the  State,  in  addition  to  the  three  local  papers,  now 
nnblish  the  bulletin  in  whole  or  in  part,  while  the  Richmond  Times  and  Dispatch 
have  it  sent  to  them  by  telegraph  at  theirexpense  in  order  to  publish  it  in  their  Sun- 
day issues. 

The  editor  of  the  Lynchburgh  Daily  Advance,  and  the  correspondent  of  the  Rich- 
mond Daily  Dispatch,  have  hwl  some  conversation  with  me  in  regard  to  the  work  of 
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AH  organized  State  weather  service,  and  stated  tbat  if  given  accurate  information  as 
to  the  benefits  therefrom  to  be  derived  by  the  farmers  and  l^usiuess  interest-s,  the}* 
would  begin  to  advocate  the  organization  of  such  a  service  ih  the  State  and  keep  it 
before  the  people  of  the  State  until  the  meeting  of  the  next  State  legislature  iu  Jan- 
nary,  1892.    (A  bill  for  that  purpose  failed  to  pass  last  winter.)  ^ 

They  desire  me  to  request  yoii  to  send  to  this  office  snch  information  as  yon  may 
have  relative  to  similar  services  in  other  States ;  how  many,  and  what  States  have 
organized  State  weather  services ;  how  they  are  conducted  ;  the  amount  of  appropria- 
tion required  and  for  what  purpose  in  each  State ;  what  States  in  this  section  do  putf 
have  them  j  whether  instruments  will  be  supplied  to  other  voluntary  observers  in 
this  State,  in  addition  to  the  15  already  appointed  and  reporting  to  you  ;  whether  an 
assistant  would  be  allowed  to  the  observer  at  this  station  in  case  a  State  service  sbouKl 
be  organized  and  the  central  station  located  at  Lynchbnrgh,  with  the  local  observer 
as  director  or  assistant  director;  to  furnish,  if  convenient,  a  copy  of  a  bill  for  the  or- 
ganization of  such  a  service  in  this  State. 

If  supplied  at  earliest  convenience  with  the  information  requested,  I  will  endeavor 
to  interest  as  many  of  the  papers  of  the  State  as  possible  in  this  subject  as  long  as  I 
am  at  this  station,  and  do  all  in  my  power  to  advance  the  interests  of  this  service  and, 
to  benetit  the  people  of  this  State. 

Should  a  State  weather  service  be  organized  with  an  appropriation  for  printing 
monthly  reports,  bulletins,  etc,  and  the  work  be  done  at  this  station,  it  would  of 
course  require  the  services  of  an  assistant. 

Very  respectfully,  your  obedient  servant, 

J.  N.  Rykkr, 
Sergeantj  Signal  Corps, 

[Sample  of  the  Virginia  weekly  weather  crop  balletin.] 

VIRGINIA  WEATHER-CBOP  BULLETIN  NO.   15. 

[Based  on  reports  from  Tolantary  orop  currespondenta  throughoat  the  Stat4^,  and  pabliahod  by  the  U. 

&  Signal  Servioe.    Foe  week  ending  Augnat  29,  1880.] 

During  the  past  week  the  temperature  and  rainfall  have  been  generally  below  the 
average,  with  less  than  average  sunshine.  Light  frosts  were  reported  in  Bath  County 
on  Sunday,  but  did  not  cause  any  damage.  In  Augusta,  Rockingham,  and  Albemarle 
Counties  rain  is  badly  needed  and  crops  will  be  cut  short.  Fodder  and  tobacco  are 
being  secured  in  good  condition  in  some  sectionSi  and  other  crops  are  in  excellent  con- 
dition in  other  sections  reported  from. 

Remarks  of  special  correspondents, 

Lynchbnrgh :  Rainfall  .29  in  two  days.  Normal  rainfall  would  be  about  .90  inch. 
All  crops  in  good  condition. 

Salem :  Rainfall  .26  in  two  days.  The  season  still  continues  favorable  for  all  grow- 
ing crops  and  farm  work. 

Bedford  City:  Rainfall  .38  in  two  days.  The  cloudy  weather  has  somewhat  re- 
tarded the  growth  of  crops. 

Bolar :  Rainfall  2.25  on  one  night.  Frost  reported  in  places,  but  did  no  damage. 
Corn  and  fall  pastures  looking  well.  The  buckwheat  crop  looks  promising  at  this 
time. 

Staunton  (W.  L.  Asylum) :  Rainfall  .43  in  one  day.  Drought  still  continues.  Corn 
and  pastures  sufferiug.  Vegetation  burning  up.  Feeding  required  iu  many  locali- 
ties. 

Dale  Enterprise:  Rainfall  .48  in  one  day.  Prospects  discouraging  for  farmers. 
Wheat  less  than  half  crop.  Com  crop  short.  Very  little  plowing  done  for  fall  seed- 
ing.   Even  with  the  most  favorable  weather  the  usual  crop  will  not  be  seeded. 

Yancey's  Mills :  Rainfall  .32  on  one  day.  Grain  fields  haxtl  and  dry.  Tobacco  poor. 
Corn  fair  but  short.    Gardens  good.    Rain  ueeiled. 

Summit :  Rainfall  above  average.  Corn  and  tobacco  looking  well.  Fodder  pnll- 
ing  has  begun.  Pastures  in  tine  condition,  and  on  the  whole  the  country  has  seldom 
looked  better. 

Danville :  Rainfall  below  average.  The  continued  rains  will  produce  a  larg^  yield 
of  tobacco,  but  too  much  for  strictly  fine  tobacco. 

Fall  Creek  Depot :  Rainfall  .37  on  one  day.  Tobacco  now  being  cut  and  cured. 
The  backward  portion  is  maturing  finely.  Rain  needed  on  high  land.  Corn  prom- 
ises a  good  yield. 

Mossing  Ford :  Rainfall  .53  in  three  days.  Com  and  tobacco  show  marked  improve- 
ment since  time  of  excessive  rains.  Fodder  pulling  and  tobacco  cutting  commenced, 
and  quality  is  fine. 
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Nottoway  Conrthoase :  Rainfall  .31  in  two  days.  Corn  and  tobacco  crops  are  in 
better  condition  t«ban  for  several  years  past. 

Ricbmond :  Rainfall  .^  in  two  days.    Conditions  favorable  to  all  crops. 

Petersburgh :  Rainfall  .18  in  four  days.    All  crops  m  flourishing  condition. 

Spottsville :  Rainfall  1.40  in  four  days.  Rather  too  much  rain  for  best  develop- 
ment of  corn,  peanuts,  and  other  crops.    Fodder  harvest  retarded. 

Sniithfield :  Rainfall  1.64  in  two  days.  Crops  in  sontheast  Virginia,  from  Peters- 
burgh to  the  coast,  and  £rom  James  River  to  North  Carolina,  are  reported  as  good  as 
for  many  years. 

J.  N.  Rykkr, 
0h$er9er,  LynehbHrgh^  Va, 

August  30, 1890. 


APPENDIX  9. 

ANNUAL  BBPORT  OF  RECORDS  DIVISION. 

Signal  Office,  War  Dbpartmknt, 

Washington  City,  July  I,  1890. 

Sir:  I  have  the  liouor  to  submit,  in  daplicato,  the  annual  report  of  the  lecordt 
divifliou  for  the  year  ending  June  30,  1890, 

WORK  OF  THE  RSCORDS  DIVISION. 

The  records  division  is  charged  with  the  care  and  preservation  of  the  more  purely 
Boientifio  records  of  the  Signal  Service ;  the  examination  and  verification  of  such  reo« 
Olds;  the  tabulation  of  the  data  therein  contained  for  discussion  and  publication: 
the  preparation  of  meteorological  charts  and  tables  appropriate  to  inquiries  on  special 
BDb1ect8;.and  such  other  duties  as  may  be  involved  in  a  comprehensive  arrangement 
of  the  meteorological  data  collected  by  the  Signal  Service,  with  a  view  of  serving  the 
manifold  interests  affected  thereby  without  loss  of  time  or  graat  expenditure  of  labor. 

As  the  value  of  climatic  data  becomes  more  widely  known,  with  increased  areas  of 
country  occupied,  so  the  range  of  inquiry  becomes  greater  and  more  extensive  year 
by  year,  requirinp^  a  higher  degree  of  talent  for  the  proper  application  of  observed 
facts  to  the  c^uestions  which  come  before  the  office  for  ^lution. 

A  brief  recital  of  the  work  accomplished  during  the  year  follows : 

EXAMINATION  OF  METEOROLOGICAL  REPORTS. 

The  meteorological  forms  and  reports,  made  by  Signal  Service  observers,  are  sub- 
mitted to  a  searching  examination  as  to  their  correctness  prior  to  tabulating  the 
monthly  or  weekly  values  for  discussion  and  publication  in  tho  Monthly  Weather  Be- 
yiew  and  other  reports.  These  data  going  out  to  the  world,  subject  to  scrutinizing 
review  and  discussion  of  scientific  investigators,  their  undoubted  accuracy  is  essen- 
tial, otherwise  Meteorology  as  a  science  would  suffer  seriously  if  a  comparison  of  data 
of  this  Service  with  that  of  other  parts  of  the  globe  would  fail  to  accord  with  the  ac« 
oepted  principles  of  exact  science.  Exactness,  derived  from  this  close  examination, 
can  not  fail  to  attach  to  this  Service  much  confidence  from  all  interested  in  this  de- 
partment of  scientific  inauiry  the  world  over. 

This  examination,  further,  is  most  critical,  necessarily  so,  since  it  is  by  such  means 
only  that  a  disposition  or  tendency  to  careless  and  inaccurate  work  on  the  part  of  ob- 
servers, which  seriously  affects  the  value  of  their  observations  in  forecasting  the 
weather,  is  detected.  Moreover,  it  is  imperatively  necessary  to  secure  accurate  and 
reliable  data  for  use  in  the  preparation  of  climatological  charts  and  tables,  and,  in- 
asmuch as  the  Signal  Service  observations  are  used  as  the  groundwork  for  such  charts 
and  tables,  and  fiequently  to  verify  meteorological  reports  from  contiguous  volun- 
tanr  stations,  the  necessity  for  accurate  work  becomes  obvious.  t 

The  original  records  of  observations  at  all  second  and  third  order  stations,  averag- 
ing one  hundred  and  seventy-six  forms  per  month,  are  verified  immediately  upon 
their  receipt  at  the  office,  and  the  averages  of  the  several  elements  thus  verified  are 
tabulated  and  delivered  to  the  Review  Division  on  the  morning  of  the  15th  of  each 
mouth  for  use  in  preparing  the  Weather  Review  for  the  preceding  month.  This  work 
occupies  the  entire  time  of  the  examining  force  from  the  3d  to  the  14th  of  each 
month,  and  requires  considerable  skill  and  constant  application  in  order  to  insure  its 
completion  on  the  last-named  date. 

It  is  worthy  of  mention  that  the  adoption  of  a  new  form  of  original  record  and 
monthly  meteorological  report  combined,  which  obviates  the  necessity  of  a  compari- 
son of  the  two  forms,  has  enabled  the  Records  Division  to  dispense  with  the  aerviceii 
of  two  clerks  formerly  engaged  in  the  comparison  of  original  records  and  monthly 
meteorological  reports,  and  to  apply  their  services  to  the  examination  of  other  forms 
not  heretofore  examined,  thus  subserving  not  only  the  purposes  of  economy  but  en* 
laigiog  the  scope  of  the  matter  presented  to  the  soientino  world  by  this  Boreao. 
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Experience  has  shown  the  urgent  necessity  of  a  rigid  examination  of  each  and  eyery 
meteorological  form.  The  practice  of  examining  only  the  more  important  forms,  and 
charging  the  errors  detected  thel^in  against  the  observer  making  them,  has  had  a 
tendency  to  encourage  in  indifferent  ooservers,  careless  work  on  the  minor  forms 
which  were  not  examined. 

All  forms  received  snbseqnent  to  Jnly  1,  1889,  and  a  nnmber  of  those  received  dur- 
ing prior  years,  have  been  verified  and  corrected.  The  list  below  presents,  in  detail, 
the  number  of  forms  verified  during  the  year. 

Forms  101.  Original  record  of  observations  (second-order  stations) 1, 752 

Forms  102  and  103.  Self-recording  anemometer  and  anemoscope  sheets 53, 290 

Forms  118.  Hourly  readings,  barograph  and  thermograph 1, 187 

Forms  119.  Original  record  of  observations  (third-order  stations) 360 

Forms  127.  Annual  meteorological  summaries 438 

Forms  144.  Monthly  report  of  cotton-region  observations 966 

Forms  165.  Hourly  wind  movement 1,740 

Forms  203.  Telegraphic  cipher  reports  (estimated) 106, 580 

Total 166.313 

The  standard  of  accuracy  in  the  present  corps  of  observers  is  high,  considering  that 
a  much  larger  number  of  forms  is  now  examined  than  heretofore,  and  the  possiblity 
of  error  is  relatively  increased. 

The  number  of  errors  fonod  in  the  more  important  forms  for  the  six  months  ending 
June  30,  1889,  was  4,612 ;  for  the  six  months  ending  December  31, 1889,  4,449 ;  and  for 
the  past  six  months,  3,889 ;  thus  showing  an  increase  in  the  efficiency  of  the  observers 
which  must  prove  gratifying  to  those  who  wish  to  secure  for  the  Signal  Serrice  its 
proper  rank  as  one  of  the  scientific  bureaus  of  the  Government  and  on  a  parity  with 
the  best  of  them. 

As  a  means  of  encouragement  to  skilled  and  accurate  observers,  a  record  of  each 
man's  work  is  kept,  and  the  names  of  those  worthy  of  commendation  are  published 
semiannually ;  so  also  the  names  of  those  who  fall  below  a  certain  standard  of  effi- 
ciency are  published  with  a  caution  to  improve  their  work  in  the  future. 

REVIEW  TABLES. 

Careful  attention  has  been  given  to  the  preparation  of  the  meteorolomcal  tables 
which  appear  in  the  Monthly  Weather  Review.  The  policy  of  enlarging  uiese  tables, 
especially  the  table  of  miscellaneous  Signal  Service  and  voluntary  reports,  inau- 
gurated by  the  Chief  Signal  Officer  in  1889,  has  resulted,  as  was  anticipated,  in  a 
material  saving  of  labor  in  the  classification  and  arrangement  of  temperature  and 
precipitation  values  in  the  files  of  the  division,  besides  furnishing  additional  data 
whereby  the  climatic  conditions  of  the  country  may  be  charted  with  greater  precision. 

These  tables  afford  an  abundance  of  information  touching  the  climate  of  the  greater 
portion  of  the  United  States.  They  also  |>resent  to  the  student  of  Meteorology,  as  ap- 
plied to  many  of  the  economic  questions  of  the  day,  an  invaluable  fund  of  useful 
statistics.  Special  attention  has  been  given  towards  securing  complete  and  reliable 
returns  of  excessive  rainfall,  both  by  actual  observation  and  by  automatic  gauges. 
The  record  of  excessive  rainfall  for  the  year,  which  will  be  submitted  for  publica- 
tion in  the  Chief  Signal  Officer's  Annual  Report,  will  aftbrd  persons  who  are  interested 
in  the  rate  of  fall  and  frequency  of  excessive  rains  an  opportunity  for  study  of  this 
class  .of  phenomena  iu  the  United  States.  The  record  of  excessive  rains  for  the  year 
just  passed  is  worthy  of  more  than  usual  attention,  from  the  fact  that  fc  is  the  first 
year's  record  made  with  a  greatly  increased  corps  of  observers  and  under  vastly  im- 
proved conditions  of  observation.  It  has  been  the  business  of  the  division  to  inquire 
into  cases  of  excessive  precipitation  whenever  there  appeared  to  be  any  doubt,  what- 
ever, as  to  the  correctness  of  the  measurements.  In  but  very  few  oases  has  the 
office  been  unable  to  get*  a  satisfactory  report. 

There  has  been  no  delay  in  delivering  the  tables  t.o  the  review  division  during  the 
year,  and  but  few  errors  have  been  made  iu  the  work,  considering  the  large  amount 
of  data  handled  and  the  uncertainty  necessarily  attached  to  a  portion  of  it,  due  to 
the  diversified  methods  of  recording  data  employed  by  different  obseryers. 

FIUNQ  AKD  BIKDINa.  « 

Substantial  progress  has  been  made  during  the  year  towards  binding  the  most  im- 
portant of  the  Signal  Service  forms  and  reports  which  have  accumulated  during  the 
past  nineteen  years.  The  Signal  Service  Journal  Abstracts,  containing  much  valua- 
ble information,  particularly  as  regards  the  early  history  of  stations,  serial  nambers 
of  instruments  in  use,  and  other  matters  of  interest  in  connection  with  the  passage 
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of  storms,  the  occurrenoe  of  unasual  phenomena,  eto.,  have  been  bound,  to  include 
December  31, 1888.  in  501  yolnmes.  A  very  considerable  amount  of  labor  was  devoted 
to  this  work,  mncn  more  than  would  naturally  be'  inferred  from  the  mere  statement 
that  upwards  of  30,000  forms  were  examined,  arranged  in  chronological  order  for  each 
station,  and  prepared  for  the  binder.  The  stiff,  unyielding  nature  of  the  paper  on 
which  these  lorms  were  prepared,  and  the  necessity  of  removing  the  paper  fasteners 
and  folding  anew  each  form,  will  account,  in  a  measure,  for  the  obstacles  encountered 
in  the  work. 

The  records  of  storm  and  cautionary  signal  displays,  up  to  and  including  December 
31, 1888,  were  also  prepared  for  the  binder  during  the  year.  These  records  are  yalu< 
able  in  that  they  contain  an  immense  amount  of  data  concerning  the  displays  of  sig- 
nals on  the  Groat  Lakes  and  the  Atlantic  seaboard,  the  approximate  amount  of  dam- 
age done  during  each  month,  and  the  weather  conditions  which  prevailed  during  each 
display.  These  records  will,  in  connection  with  other  available  data,  serve  as  a  foun- 
dation for  an  inyestigation,  now  for  the  first  time  convenient,  which  may  be  confi- 
dently expected  to  be  of  great  aid  in  forecasting  the  approach  and  foree  of  storms 
with  that  degree  of  certainty  which  the  Signal  Service  has  succeeded  in  educating 
the  people  to  demand  of  its  prognostics. 

The  weekly  records  of  stages  of  water  in  the  principal  rivers  were  also  arranged 
and  bound  in  35  volumes  during  the  year.  The  monthly  records  of  river* gauge  read- 
ings, beji^inning  in  1861,  were  prepared  for  binding,  but  could  not  bo  sent  to  the  bind- 
ery, owing  to  toe  fant  that  they  were  in  constant  use  during  the  year. 

With  the  work  just  completed  the  records  for  the  past  eighteen  years  are,  with  few 
exceptions,  in  such  condition  that  they  can  be  tiled  in  the  minimum  amount  of  space 
and  easily  obtained  when  needed. 

The  original  records  of  observation  from  1875  to  June  30, 1*^89  (about  20,000  copies), 
are  still  unbound,  and  while  in  no  immediate  danger  of  destruction  from  handling, 
yet,  if  bound,  they  could  be  filed  to  better  advantage  and  handled  much  more  readily. 
It  is  estimated  that  these  records  will  fill  about  ^w  volumes  when  bound.  The  final 
disposition  of  these  records  has  been  under  consideration  on  several  occasions,  but  as 
yet  no  conclusion  has  been  reached.  It  appears  to  be  unwise  to  return  them  to  the 
stations  of  observations,  as  has  been  suggested,  until  the  weekly  and  monthly  forms, 
covering  the  period  from  1871  to  1881  shali  have  been  compared  and  corrected  to  agree 
with  the  originals.  It  has  been  found  that  the  early  records  (Forms  4  aud  2*2),  wnilo 
in  the  main  correctly  transcribed,  contain  errors,  both  in  copying  and  computing, 
which  seriously  affect  their  value  iu  any  critical  examination  of  the  data  coutaiued 
therein,  so  that  recourse  to  the  original  records  is  frequently  necessary  iu  order  to 
obtain  correct  results.  For  this  reasou  it  is  suggested  that  final  action  to  dispose  of 
these  forms  be  not  taken  at  once. 

Below  will  be  found  a  statement  in  detail  of  the  forms  and  reports  bound  during 
the  year. 

BIKDIXa  OF  RECORDS. 

Vol. 

Synopses  and  Probabilities,  January,  1 871,  to  December,  1372 9 

Monthly  Meteorological  Reports,  1888 26 

Weather  Conditions  (fifteen-year  temperature  and  precipitation  normals) it 

Annual  Meteorological  Summaries,  1888 1 

Forms  185,  Temperature  Variability 2 

Signal  Service  Daily  Journal  Abstracts,  November,  1870,  to  December,  1888 501 

Meteorological  Summaries  at  Pacitic  Railway  Stations,  1877-'88 3 

State  Weather  Service  Reports.  1888 6 

Cautionary  and  Storm  Signal  Reports,  1871-'88 135 

Weekly  River  Reports,  1873-^80 35 

Annual  Report  of  Stations,  1888 2 

Hourly  Wind  Movement,  1884-'88 18 

Monthly  Meteorological  lieports  (third  order  sta tious),  1887-88 3 

Monthly  Rainfall  Reports  (rainfall  stations),  1887-88 3 

Monthl3'  Meteorological  Reports  (cotton-region  observations),  1883-88 14 

First  and  Last  Frosts «...      1 

THE  RECORDS  VAULT. 

Substantial  progress  has  been  made  during  the  year  towards  perfecting  a  systematic 
arrangement  of  all  of  the  records  stored  in  the  fireproof  vanlt.  That  the  entire  mass 
of  records  has  not  been  classified  and  arranged  is  due,  not  to  any  lack  of  diligence 
or  desire,  but  wholly  to  a  lack  of  suitable  shelving.  The  temporary  wall  shelving, 
constructed  in  the  early  part  of  the  year,  proved  to  be  insufiicient  iu  respect  to  quantity 
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and,  tbrongh  faulty  constnictiou,  incapablo  of  supporting  the  records  which  have 
been  put  upon  it.  It  has  beeu  necessary,  therefore,  to  put  additional  supports  be- 
tween the  shelves  to  prevent  them  from  crushing  down  one  upon  another.  So  long 
as  the  present  arrangement  prevails  it  will  be  impossible  to  rearrange  or  change  the 
capacity  of  any  single  shelf  without  first  removing  the  contents  of  the  entire  section 
and  inserting  new  supports  conforming  in  length  to  the  new  arrangement.  It  is 
obvious,  therefore,  that  a  final  arrangement  of  the  records  now  on  shelving,  those 
remaining  in  the  basement  of  the  War  Department  building,  and  those  remaining  on 
the  floor  of  the  vault  can  not  be  made  until  additional  shelving  shaU  have  been  pro- 
cured, and  the  present  shelving  repaired  or  new  shelving  substituted  therefor.  The 
records  which  remain  in  the  War  Department  building  are  frequently  needed  for 
reference,  but  can  not  be  stored  in  the  records  vault  for  lack  of  shelving. 

Plans  have  been  prepared  and  submitted  which  contemplate  fitting  up  the  vault 
with  adjustable  metal  shelviug,  which  combines  the  advantages  of  being  fireproof, 
and  at  the  same  time  perfectly  durable  and  easily  adjusted  to  new  conditions.  It 
is  urged  that  action  be  taken  to  fie  up  the  vault  with  such  shelving  as  soon  as  prac- 
ticable. 

APPLICATIONS  FOB  MKTEOROLOGICAL  DATA. 

Requests  for  meteorological  data  are  continually  being  received  from  a  variety  of 
sources,  showing  by  their  number  and  the  range  covered  by  the  inquiries,  a  steady 
growth  in  the  application  of  this  class  of  statistics  to  economic  questions,  involving 
many  varied  operations  of  agriculture  and  commerce,  and  at  the  same  time  agreeably 
testifying  to  the  confidence  with  which  the  people  have  grown  to  look  upon  this  Bu- 
reau as  thoroughly  capable  of  supplying  information  of  this  sort,  which  is  frequently 
of  imperative  economic  importauce. 

Several  important  and  suggestive  lines  of  investigation  were  opened  during  the 
year,  among  which  may  be  mentioned  that  tending  to  show  what  portions  or  this 
country  are  possessed  of  conditions  of  relative  humidity,  similar  to  those  which  ob- 
tain in  the  cotton  manufacturing  districts  of  England,  the  problem  being  to  deter- 
mine, whether  or  not^  the  business  of  cotton  manufacturing  could  be  profitably  ex- 
tended to  portions  of  the  United  States  other  than  those  in  which  it  is  now  carried 
on,  and  if  so,  what  localities  are  thus  available;  infovmation  of  this  nature  not  only 
adding  to  the  material  prosperity  of  the  particular  district  under  discussion  but  in- 
creasing the  total  wealth  of  the  country  by  an  amount  which  it  is  equally  beyond 
the  power  as  it  is  without  the  province  ot  this  Bureau  to  measure.  The  data  furnished 
by  the  Signal  Service,  in  their  bearing  upon  the  matter  at  issue,  were  ably  discuseed 
by  Mr.  Eaward  Atkinson,  LL.  D.,  Ph.  D.,  before  a  meeting  of  the  New  England  Cot- 
ton Manufacturers'  Association  on  October  30, 1889.  As  significant  of  the  influence  of 
climate  on  the  manufacture  of  cotton  goods,  Mr.  Atkinson  remarks  that  at  Manches- 
ter, England,  where  the  art  originated,  there  is  no  longer  a  single  cotton  spindle  in 
operation.  All  the  mills  there  nave  been  dismantled.  All  the  new  mills  have  been 
built  at  points  from  six  to  eight  hundred  feet  above  sea  level  at  Oldham  and  other 
places  on  the  crest  of  the  rise  which  faces  the  course  of  the  Gulf  Stream.  At  this 
point  the  humidity  of  the  atmosphere  is  almost  constant,  the  dry  winds,  which  at 
least  accompany,  if  they  do  not  cause  the  irregular  operation  of  the  machinery  which 
is  known  to  the  operatives  as  a  ^'  crazy  loom,''  being  from  an  easterly  quarter. 

A  second  and  similar  line  of  inquiry,  with  respect  to  the  conditions  of  temperature 
and  relative  humidity  under  which  flax  and  hemp  production  are  successfully  carried 
on,  was  instituted  at  the  request  of  Hon.  R.  M.  La  Follette,  member  of  the  Wa3'Band 
Means  Committee  of  the  House  of  Representatives.  These  cases,  taken  from  a  num- 
ber of  others,  show  in  a  general  way  the  possibilities  of  adding  to  the  wealth  and 
prosperity  of  a  community  by  a  careful  study  of  its  climate,  the  cliaracter  of  its  soil, 
and  such  other  natural  facilities  as  it  may  possess  for  the  establishment  of  new  and 
profitable  undertakings. 

There  has  been  no  cessation  of  inquiries  for  information  and  advice  upon  the  cli- 
mate best  suited  to  relieve  certain  diseases.  While  it  is  not  the  business  of  this  Bu- 
reau to  suggest,  or  advise,  residence  in  any  particular  climate  for  the  amelioration  or 
cure  of  diseases,  yet  it  is  eminently  proper  that  it  should  use  the  accumulated  data 
of  years  in  helping  persons  in  search  of  a  climate  for  the  benefit  of  their  health,  to 
the  most  reliable  climatic  data  extant.  It  is  true  that  private  enterprise  has  in  some 
cases  formulated  treatises  upon  the  beneficial  results  to  be  obtained  by  a  sojoarn  at 
certain  health  resorts,  but  the  descriptions  of  climate  in  such  treatises  are  not  in- 
frequently ^iven  from  a  local  rather  than  a  general  standpoint,  and  with  a  perfectly 
natural  desire  to  make  the  best  showing  possible,  regardless  of  any  unfavorable  con- 
ditions which  may  obtain. 

A  great  field  here  may  be  said  to  be  open  for  a  treatise  on  health  and  climate,  in 
whion  should  be  pointed  out  for  the  benefit  especially  of  the  poorer  classes,  the  cli- 
mates suitable  to  certain  diseases  and  to  which  they  may  be  directed  at  once  without 
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expensive  cost  of  travel  and  resaltin^  loss  of  time  in  search  of  the  particular  climatic 
conditions  conducive  to  the  restoration  of  strength  to  those  who,  from  toil  on  the 
farm,  in  the  factory,  office,  and  shop,  need  speedy  and  inexpensive  relief  only  derived 
from  a  change  of  atmospheric  conditions.  In  no  country  in  the  world  is  to  "he  fouud 
a  greater  variety  of  climates  with  a  higher  degree  of  salubrity  than  this.  The  bear- 
ing of  sunshine,  pressure,  humidity,  temperature,  aud  the.various  elements  of  weather 
conditions  to  health  and  longevity  is  a  question  for  the  therapeutist  rather  than  the 
olimatologist,  but  the  data  for  the  former  is  made  available  by  its  arrangement  in 
tbe  publications  of  this  Service. 

The  growing  importance  of  the  subject  of  reclamation  of  the  Arid  Region  has 
prompted  the  call  by  the  House  of  Representatives  for  an  exhaustive  report  of  the 
climatology  of  this  great  area.  It  is  not  anticipating  too  much  from  what  is  already 
done  in  the  work  on  this  report  to  say  that  investigation  of  the  amonut  and  distri- 
bution of  the  rainfall  is  such  and  sufficient  in  many  mountain  localities  to  supply 
water  requisite,  when  gathered  in  reservoirs,  to  cultivate  a  domain  of  the  arid  coun- 
try not  inconsiderable  in  comparison  with  the  whole  now  under  cultivation,  and  in 
the  past  considered  as  possessing  only  features  of  the  utmost  sterility  and  unconquer- 
able barrenness.  The  tact  that  m  some  portions  of  this  area  two  rainy  seasons  exist, 
winter  and  summer,  has  often  been  received  with  great  surprise;  the  publications  of 
this  office  have,  however,  established  this  beyond  any  question. 

An  absence  of  humidity  in  that  region  has  brought  out  an  explanation  of  the  phe- 
nomena that  the  great  extremes  of  temperature  are  not  felt  more  than  the  less  ex- 
tremes in  a  humid  atmosphere.  The  recnrring  reports  each  summer  from  the  central 
and  easteni  States,  and  especially  the  recent  notable  mortality  in  the  central  valleys 
from  heat  and  sunstroke,  are  a  source  of  surprise  and  i^onder  to  the  inhabitants  of 
tbe  Pacific  Slope  when  the  quoted  temperatures  are  considered.  Almost  daily  during 
summer  the  thermometric  record  of  this  Slope,  in  certain  districts,  exceeds  the  very 
extremes  recorded  in  the  east  where  great  mortality  has  been  reported,  and  yet  no 
serious  inconvenience  results.  The  inhabitants  of  the  Atlantic  and  central  sections 
of  the  country  hear  of  the  extremes  of  heat  reported  from  the  Arid  Region  often  with 
amazement  that  it  is  within  the  bounds  ofhnmau  endurance,  and  often  indeed  with 
the  idea  that  the  reclamation  aud  settlement  of  that  country  is  visionary,  and  the 
assertion  that  the  ordinary  vocations  of  farm  and  factory  are  pursued  without  incou- 
venieuce  is  received  with  incredulity. 

The  distinction  between  the  conditions  is,  that  east  of  the  Rocky  Mountains — in 
''  the  States" — the  atmosphere  is  moist  and  sultry.  A  humid  air  retards  radiation  of 
the  lie«t  of  the  body  and  represses  perspiration.  West  of  the  range,  the  atmosphere, 
cloudless  and  dry,  conserves  rapid  radiation,  induces  perspiration  which  is  rapidly 
evaporated,  hence  no  suffering  ensues  under  the  greatest  heat,  and  sunstrokes  are 
quite  unknown. 

These  matters  need  official  verification  with  explanation,  and  the  importance  of 
the  great  arid  area  demands  its  proper  certification  as  regards  its  climate  and  charac- 
teristics. 

Tbe  culture  of  trees  to  subserve  many  purposes  is  one  that  is  of  importance  in  the 
investigations  of  this  Service,  for  it  may  influence  rainfall,  if  not  in  increasing  or  dif- 
ferently distributing  it,  certainly  by  holding  in  the  shaded  soil  more  moisture,  or 
shielding  it  from  the  dessicating  winds.  Drought  may  be  retarded  by  great  numbers 
of  well  distiibn ted  trees.  In  the  great  valleys  of  California  the  effects  of  the  hot 
*' norther,"  or  '*  north  wind,''  upon  the  fields  of  ripening  grain  may  possibly  be  ma- 
terially modified  by  planting  trees  in  frequent  east  and  west  rows,  forming  between, 
and  especially  on  their  lee  sides,  forest-protect-ed  harbors  to  the  waving  surfaces  of 
its  grain  fields.  The  towering  eucalypts  thus  thickly  planted  may  be  made  to  break 
the  force  of  these  winds  and  alBo  raise  their  flowing  currents  above  the  yielding  grain 
stalks  which,  swaying,  knock  their  heads  together,  and  become  greatly  thrashed  be- 
fore cut.  This  destructive  wind,  first  by  its  dessicating  dryness,  ripens,  and  then 
shells  the  grain  from  the  heads,  often  reducing  the  wheat  yield  to  the  value  of  mil- 
lions of  dollars. 

The  line  of  inquiry  here  presented  to  the  experimentalist  in  meteorological  mechan- 
ics is  one  that  may  in  time  prove  to  the  farmer  of  inestimable  value. 

The  following  statement  shows  in  detail  the  number  of  certificates,  tables,  and 
statements  which  have  been  furnished  to  the  public  during  the  year: 

Transcripts  of  Signal  Service  records  authenticated  by  the  honorable  Secretary 
of  War 63 

Signal  Service  records  produced  in  court  by  observers  in  charge  of  stations  (num- 
ber of  times) \ 59 

Miscellaneous  tables  and  statements,  not  certified,  furnished  by  this  office 327 

Miscellaneous  tables  and  statements,  not  certified,  furnished  by  observers 139 

Total Isa 
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METEOROLOGICAL  RECORDS  IN  UNITED  STATES  BY  DECADES. 

The  present  year,  1890,  cloeing  a  decade,  seems  a  favorable  time  to  institnte  a  cen- 
sns  of  the  progress  made  in  taking  meteorological  observations  throughout  the 
United  States  during  the  several  decades  since  1820,  when  the  first  systematic  system 
was  inangnrated. 

1819-1830.— The  first  system  of  regular  and  oontinuons  observations  In  the  United 
States  was  instituted  in  1819,  at  the  suggestion  of  Surgeon-General  Lovell  of  the 
Army.  The  instruments  used  were  a  thermometer  and  a  wind  vane.  Observations 
of  temperature  were  made  at  7  a.  m.  and  9  p.  m.,  and  the  winds  and  weather  observed 
morning,  noon,  and  evening. 

The  results  of  the  obseryations  for  1820  and  1821  were  published  at  the  end  of  each  of 
these  years,  but  a  want  of  uniformity  in  the  tabular  arrangement  lessens,  in  a  meas- 
ure, the  value  of  the  observations.  Those  from  1822  to  1825  and  1826  to  1830  were 
published  in  separate  volumes  and  later  were  combined  in  a  single  volume. 

A  local  system  of  meteorolo^cal  observations  was  established  in  the  Stat«  of  New 
York  in  1825  under  the  supervision  of  the  Board  of  Regents  of  the  University  of  New 
York.  The  instruments  employed  were  a  thermometer  and  a  rain  gauge,  and  tri- 
daily  observations  of  wind,  cloudiness,  and  weather,  in  addition  to  temperature  and 
rainfall,  were  made. 

1831-1840.— A  rain  gauge  was  added  to  the  instruments  in  use  at  Army  posts  in 
1836.  In  1837  the  Pennsylvania  Legislature  appropriated  $4,000  for  the  purpose  of 
establishing  a  series  of  meteorological  observations  in  that  State.  This  sum  was 
pisced  at  the  joint  disposal  of  a  committee  of  the  American  Philosophical  Society 
and  the  Franklin  Institnte.  This  system  lasted  but  a  few  years,  and  its  results  were 
not  given  to  the  world  in  connected  form,  but,  together  with  many  additional  and 
later  observations,  edited  by  Lorin  Blodget,  Esq.,  will  be  found  in  the  report  of  the 
Secretary  of  Internal  Affairs  of  Pennsylvania,  1888. 

1841-1850.— The  results  of  the  observations  at  Army  posts  from  1830  to  1842  were 
published  in  two  volumes,  under  the  direction  of  Surgeon-General  Lawson.  At  the 
beginning  of  1843  an  extension  of  the  system  was  made  by  the  introduction  of  new 
instruments  and  an  additional  observation  was  ordered  to  be  taken. 

In  1849  the  Legislature  of  the  State  of  New  York  made  an  appropriation  which 
placed  the  system  of  observations  in  that  State  on  a  substantial  basis.  This  support 
was  continued  until  the  breaking  out  of  the  Civil  War.  The  system  was  modified, 
however,  in  1850  so  as  to  conform  to  the  directions  of  the  Smithsonian  Institution. 
The  resnlts  of  the  observations  from  1826  to  1850,  inclusive,  were  published  by  the 
State  under  the  direction  of  the  regents  of  the  University. 

A  State  system  was  also  established  in  Massachusetts  in  1849,  but  the  records  were 
not  long  thereafter  presented  to  the  Smithsonian  Institution,  and  have  since  appeared 
in  its  publications. 

The  most  important  step  yet  taken  toward  awakening  an  interest  on  the  subject 
of  meteorology  was  the  establishment  in  1849  of  a  system  of  meteorological  observa- 
tions  under  the  Smithsonian  Institution,  having,  as  its  principal  object,  the  study 
of  the  storms  which  pass  across  the  United  States.  This  system  was  continued  up 
to  1874,  and  accumulated  a  large  amount  of  valuable  material  relative  to  the  climate 
of  the  country  and  the  character  of  the  storms  to  which  it  is  subjected.  The.se  mate- 
rials have  been  collated  and  discussed  in  Smithsonian  Contributions  to  Knowledge 
No.  227,  Atmospheric  Temperature,  published  in  1876;  No.  268,  Winds  of  the  Glol^, 
published  in  1875;  and  No.  353,  Precipitation  Tables,  published  in  1881. 

1851-1860. — During  this  decadu  the  results  of  the  observations  at  Army  posts  from 
1843  to  1855  were  published  in  a  quarto  volume  which  also  contained  consolidated 
tables  of  temperature  and  rain  for  each  separate  station  from  the  beginning  of  obser- 
vations to  1855.  This  voluuie  may  be  considered  the  most  valuable  contribution  yet 
made  (1855)  toward  a  knowledge  of  the  climatology  of  the  United  States. 

The  results  of  meteorological  observations,  made  under  the  direction  of  the  United 
States  Patent  Ofiice  and  Smithsonian  Institution  from  the  year  1854  to  1859,  inclu- 
sive, were  completed  during  this  decade  and  published  in  1861.  This  work  appears  in 
two  parts,  volume  1,  relating  to  statistical  meteorology  ;  volume  2,  published  in  1864, 
gives  observations  upon  periodical  phenomena  in  plants  and  animals,  with  dates  of 
the  opening  and  closing  of  lakes,  rivers,  harbors,  etc.,  also  materials  for  a  critical 
study  of  three  storms  of  1859.    Part  III  has  not  yet  appeared. 

The  end  of  the  decade  found  the  country  on  the  eve  of  Civil  War,  and  as  a  conse- 
quence interest  in  meteorological  subjects  rapidly  abated. 

1861-1870. — The  Civil  War  continued  to  absorb  public  attention  duiins  the  early 
part  of  the  decade.  Very  few  meteorological  records  were  continued  through  the 
years  1861-65.  Even  at  military  posts  the  meteorological  observations  were  fre- 
quently neglected. 

The  Agricultural  Department  began  to  publish  a  series  of  meteorological  observa- 
tions in  1863  and  continued  publishing  such  observations  until  1871,  the  lost  year  iu 
the  monthly  reports  only. 
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The  Joint  Reaolation  approved  February  9, 1870»  providing  for  the  taking  of  meteoro- 
logical observations  at  the  military  stations  and  other  points  iu  the  interior  of  the 
continent,  and  for  giving  notice  on  the  northern  lakes  and  seaboard  of  the  approach 
and  force  of  storms,  stimulated  interest  in  meteorological  affairs. 

1871-1880.— In  1874  the  Signal  Service  relieved  the  Smithsonian  Institution  of  the 
active  part  it  had  taken  in  the  collection  of  climatic  data  for  the  United  States.  At 
the  close  of  the  decade  the  meteorological  observers  were  distributed  as  follows : 

Signal  Service  regular  observers 249 

Medical  Department,  U.  8.  Army 77 

Voluntary  observers 347 

Total 673 

1881-1890. — During  the  first  half  of  the  decade  scarcely  auy  progress  was  made 
towards  increasing  the  number  of  voluntary  observers,  but  for  the  last  half,  especially 
during  the  past  year,  the  number  has  multiplied  very  rapidly,  as  will  be  seen  from 
the  following  statement : 

Cooperating  voluntary  observers  of  all  classes  on  July  1,  1889 1, 679 

New  observers  obtained  during  the  year  ending  June  30,  181K) 668 

Resignations,  deaths,  removals,  etc. ,  during  the  same  period 424 

Observers  reporting  on  June  30,  1890 1, 924 

Net  gain  during  the  year 245 

Gain  during  the  decade : 1,577 

The  distribution  of  cooperating  observers  by  States  and  Territories  is  shown  by  the 
following  table : 

v0i.untary  and  other  cooperating  observers  reporting  to  the  signal 
Office  on  June  30,  1889,  and  June  30,  1890,  respectively. 


State. 

Volui 
1889. 

I  tary. 
1890. 

State 
weather 
service. 

Military. 

Railroad. 

Total. 

1889. 
13 

1890. 

1889. 

1 
9 
2 

8 
4 

1 

1890. 

1 

10 
2 

8 
3 

1 

1889. 

1890. 

1889. 

1890. 

Alabama  .   --   .      .... 

10 

22 

1 

40 

14 

4 

1 

"'12' 
13 

2 
14 
12 

5 
40 
30 
18 

9 

5 
12 
22 
14 

3 
10 

9 

5 
24 

1 
11 

7 
10 

10 
33 

3 
45 
U 

5 

1 

1 

16 
IH 
10 
17 
12 

3 
44 
27 
17 
14 

4 

13 
22 
14 

6 
19 
45 

7 
95 
...... 

6 
11 

14 

24 

40 
28 
197 
50 
29 

1 

1 
14 
13 

4 

16 
40 

9 
40 
99 
27 
39 
16 
13 
7» 
91 
21 
34 
38 
12 
46 
53 
25 
36 
18 

25 

Arizona  ...... ......  - 

9 

9 

52 

Arkansas 

25 

22' 

27 

California 

149 

154 

207 

Colorado  ...... ...... 

32 
21 

64 
22 

78 

Connecticut 

28 

Delaware 

1 

District  of  Columbia. 

i 
2 

1 
2 
1 
2 
2 

2 

Florida..... 

18 

Georsria  ...... ...... . 

19 

Idaho  ...... .... ....  - 

2 
0 

12 

Illinois 

'""28' 

27 

20 

46 

Indiana  ...... ....... 

32 

Indian  Territory 

Iowa  ......  -- 

4 

4 

7 

, 

44 

ICansas  . .  ^ , ,  r    ,  - 

65 

.     7 

20 

9 

72 

16 
29 
11 

4  1      3 

2         1 

1 

102 

Kentuckv  ......  -...  - 

...... 

34 

Louisiana  ...... .... . 

44 

Maine  . 

2 
1 
2 
3 
1 
..... 

7 
4 

2 
1 
2 
3 

1 
1 

17 

IMarvland - 

14 

Mansachusetts    ...  ,  - 

54 
74 
17 
24 

28 

52 
89 
20 
25 
6 

76 

Michigan ............ 

106 

Minnesota .... ...... . 

27 

Mississioni 

45 

Missouri ...... ....... 

a 

51 

Montana  .. . ...... 

7 
4 

14 

Nebraska ...... ...... 

18 
33 
14 
29 

2:^ 
36 
12 
29 

52 

Nevada . ..... .... 

19 

18 

54 

New  H  ampshire 

New  Jersev  ...... .... 

1 

1 

23 

35 

New  Mexico 

6 

'  6 

"  2 

2 

19 
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Voluntary  and  other  Co^pbratzno  Obsiervers  Reporting  to  the  Signal 
Oftice  on  June  30,  1889.  and  June  30,  1890.  RBSPscnyELY—Continued. 


State. 

Voluntary. 

State 
weather 
service. 

Military. 

Railroad. 

Total. 

1 

1889. 

1890. 

1889. 

1890. 

1889. 
12 

1890. 
12 

1889. 

1890, 

1889. 

1H90. 

New  York  ........... 

49 

15 

22 

30 

9 

30 

1 

4 

46 
13 

8 
27 
16 
31 

1 
13 
20 

8 
49 
16 

6 
18 

.5 

9 
20 

7 
17 

6 

"■39' 

10 

33 

9 

27 

21 

9 

1 

39 

21 

5ft 

9 

14 

67 
15 
27 
70 
22 
65 

11 
31 

4 
39 
67 
13 
16 
15 

6 
11 
22 

9 
17 

79 

North  Carolina 

■ 

22 

North  Dakota ........ 

5 
1 
1 
2 
1 

5 
1 
..... 

1 

14 

Ohio 

67 

Oreffon 

2 

2 

39 

PennsylvaDia 

Rhode  Island 

89 

' 

11 

Sonth  Carolina 

27 

South  Dakota 

4 

4 

24 

Tennessee 

5 
40 

5 

9 
13 

2 
11 
22 

2 
17 

34 
16 

30 
16 

3d 

Texas  

11 
2 

12 
2 

77 

Utah 

6 

6 

24 

Vermont  ............ 

7 

7 

13 

Virginia ...... ....... 

2 
4 

2 
5 

20 

WashiDflrton 

10 

West  Virginia 

Wisconsin ...... ..... 

9 

20 

Wvominc.--.. ...... 

7 

6 

13 

"   rf  *'*•■*  "O  ......    a...    a. 

Miscellaneous ........ 

17 

Total 

666 

800 

705 

812 

121 

121 

187 

191 

1,679 

1,924 

VOLUNTARY  OBSERVERS. 

There  is  perhaps  no  class  of  observers  whose  services  should  be  more  highly  ap- 
preciated than  those  of  the  voluntary  observers  of  the  Signal  Service.  It  is  a  pleas- 
ure to  note  the  fidelity  and  generousness  of  so  many  observers,  both  men  and  women, 
who,  month  after  month,  however  irksome  the  duties  may  be,  eive  their  time  and 
attention  to  recording  facts  which  tend  to  increase  the  sum  of  Knowledge  and  ad- 
vance the  prosperity  of  the  communitv  in  which  they  live.  During  the  year  several 
of  the  pioneer  observers  have  been  obliged,  on  account  of  approaching  old  age,  to 
relinquish  what  was  to  them  a  source  ot  pleasure,  a  profit  to  the  service,  and  espe- 
cially to  the  community  in  which  they  lived. 

Among  the  retiring  observers  the  following  have  been  engaged  in  keeping  a  sys- 
tematic record  of  the  weather  for  a  long  period  of  time,  viz:  Dr.  J.  B.  Trembly,  Oak- 
land, Cal.;  Jacob  T.  Stern,  Logan,  Iowa;  Jos.  Dysart.  Dysart,  Iowa;  W.  W.  Ells- 
worth, Hartford,  Conn. ;  Geo.  Casey,  Auburn,  N.  Y. ;  Hiram  Arents,  Oroville,  Cal. 
Of  these.  Dr.  Trembly's  record  is  noteworthy  for  its  completeness  and  continuity, 
beginning  at  Toledo,  Ohio,  in  1860  and  ending  in  1890  at  Oakland,  Cal. 

A  considerable  degree  of  success  has  attended  the  efforts  of  the -division  to  enlist 
the  intercHt  of  indivulualsin  keeping  a  record  of  the  weather.  In  some  cases,  how- 
ever, valuable  reports  were  allowed  to  lapse  because  a  person  could  not  be  fonnd 
willing  to  devote  not  exceeding  five  minutes  eac)i  day  to  a  work  which  richly  pays 
if  properly  undertaken. 

Now  that  self- registering  thermometers  are  supplied  so  freely  there  will  be  no 
necessity  for  spenmng  over  five  minutes  daily  in  taking  and  recording  observa- 
tions. The  observations  may  be  made,  moreover,  at  some  hour  after  sunset,  prefera- 
bly at  9  p.  m.  when  the  usual  daily  vocations  are  laid  aside. 

An  impression  seems  to  prevail,  in  some  minds  at  least,  that  the  benefits  to  be  de- 
rived from  a  series  of  local  observations,  accrue  largely  and  almost  wholly  to  the 
weather  bureau  ;  and,  therefore,  the  weather  bureau  should  pay  a  small  salary  for 
the  time  spent  in  taking  such  observations.  This  feature  of  the  problem  is  especially 
noticeable  in  the  thinly  settled  portions  of  our  couutry,  where  the  hardy  pioneer  i's 
quite  apt  to  look  with  suspicion  upon  all  processes  which  do  not  yield  immediate 
returns  for  his  time  and  trouble.  And,  again,  the  necessity  for  taking  observations 
at  stated  times,  and  frequent  absences  from  home,  too  often  deter  evf*n  those  who 
realize  the  value  of  climatic  data  from  entering  upon  a  work  which  will  eventoaUy 
prove  to  be  a  profitable  undertaking. 
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The  idea  tbat  meteorological  data  are  intended  solely  for  forecasting  the  weather 
is'also  generally  current.  Indeed,  it  is  safe  to  make  the  assertion  that  many  per- 
sons believe  the  reports  furnished  by  voluntary  observers  are  used  in  weather  fore- 
castinff.  For  the  enlightenment  of  all  such  it  may  be  said  that  the  reports  received 
from  the  regular  stations  of  the  Signal  Service  have  l)een  considered  ample  for  all 
forecasting  nurposes.  However,  the  progress  of  tentative  means  and  methods  In 
weather  prediction,  especially  that  instanced  in  reporting  by  telegraph  rainfall  to 
cotton-region  centers  and  thence  to  this  office^  in  certain  instances,  may  prove  of  so 
great  value  as  to  require  an  extension,  in  which  case  voluntary  observers  properly 
located  would  naturally  be  select-ed. 

The  weather  bureau  in  carrving  out  the  functions  devolved  upon  it  by  law  can, 
without  additional  expense,  collate  and  publish  climatographic  data  from  all  sec- 
tions of  the  country.  It  therefore  invites  the  cooperation  of  public-spirited  citizens 
in  each  State  or  Territory,  whose  climate  is  imperfectly  known,  to  discover  and  make 
a  record  of  the  varying  climatic  conditions  in  their  several  communities,  offering 
them  in  exchauge  for  their  observations  like  observations  from  all  sections  of  the 
country,  and  the  opportunity  of  making  comparisons  advantageous  or  otherwise  to 
their  own  neighborhood.  Tlie  benefits  which  are  derived  ftom  taking  meteorological 
observations  rest  principally  upon  the  observer  who  makes  the  observations,  and  the 
community  in  which  he  lives.  It  is  scarcely  possible  to  enumerate  here  in  detail  the 
special  value  of  climatic  data  as  applied  to  the  art  of  agriculture,  medicine,  or  to 
commerce. 

In  agriculture  the  effect  of  climate  upon  cereals  and  grasses  is  too  well  known  and 
acknowledged  to  bear  repetition.  It  should  be  the  aim  of  those  interested  in  such 
parsuits  to  keep  fully  informed  upon  the  state  of  the  season,  whether  forward  or 
backward,  with  respect  to  heat  or  moisture  to  keep  a  careful  record  of  the  beginning 
of  agricultural  operations  each  season,  the  first  and  last  killing  frosts,  the  length 
and  severity  of  the  winters,  and  in  other  ways  to  fully  determine  the  especial  products 
best  adapted  to  each  particular  soil  and  climate.  The  stock  raiser,  too,  should 
acquire  a  reliable  knowledge  of  the  climate  in  which  his  interests  are  placed.  The 
probability  of  drought  or  severe  winters  are  matters  which  vitally  affect  the  success 
of  his  undertaking. 

The  successful  cultivation  of  many  of  the  staple  ^ains  depends  largely  upon  the 
character  of  soil  and  the  conditions  of  climate,  esi>ecial1y  with  reference  to  heat  and 
moisture.  Indeed  it  is  possible  through  an  accurate  knowledge  of  the  climate  and 
soil  of  different  portions  of  the  globe  to  introduce  the  cultivation  of  plants  and 
grasses  at  present  unknown  in  this  country,  and  thus  add  to  the  material  prosperity 
of  the  land,  simply  by  a  few  years  of  careful  observation  and  an  interchange  of  data 
with  other  nations.  The  foregoing  applies  with  particular  force  to  that  great  portion 
of  the  national  domain  lying  west  of  the  one  hundred  and  second  meridian.  The 
southern  and  southwestern  portions  of  this  tract,  possessing  in  a  measure  a  sub- 
tropical climate,  present  an  opportunity  for  investigations  with  respect  to  the  growth 
of  the  mulberry,  olive,  and  the  vine.  It  should  be  the  effort  of  those  who  reside  in 
the  territory  above  described  to  acquaint  themselves  with  the  growth  of  plants  and 
trees  indigenous  to  southern  France,  Spain,  Peru,  Chili,  and  other  countries  having 
climates  similar  to  their  own. 

It  is  a  mistaken  conclusion  that  when  the  voluntary  observer  completes  his  month's 
observations  and  mails  his  report  his  work  is  done.  The  value  of  his  labor  lies  in  the 
application  of  observed  facts  to  practical  methods,  as  outlined  above,  and  also  in  a 
comparison  of  observations,  made  contemporaneously  with  the  culture  of  different 
crops,  with  the  crop  returns  in  order  to  bring  out  the  relations  which  may  subsist 
between  the  two  factors. 

In  medic! ue  the  services  of  the  meteorological  reporter  have  been  appreciated  for 
a  number  of  years.  In  European  countries  climatographic  data  are  systematically 
collated  for  the  use  of  the  health  departments.  The  study  of  climate  as  affecting  the 
health  of  man  does  not  appear  to  have  beeu  prosecuted  in  the  United  States  in  a 
systematic  manner,  except  in  the  States  of  Michigan,  Tennessee,  and  Colorado.  Any 
success  in  this  line  of  investigation  naturally  requires  a  certain  amount  of  technical 
knowledge  on  the  part  of  the  investigator,  which,  as  a  rule,  is  not  found  outside  of 
the  professional  ranks.  It  is  pleasinr^  to  notice,  however,  that  a  very  large  number 
of  professional  men  are  to-day  actively  cooperating  with  the  Signal  Service  as  vol- 
nutary  observers  in  gathering  climatic  data.  There  is  still  a  vast  field  open  t<o 
individual  efibrt  and  the  dej^ree  of  success  to  be  obtained  by  the  professional  investi- 
gator in  this  all-important  line  of  study  depends  largely  upon  the  amount  and  quality 
of  the  data  gathered  by  individual  observers. 

In  commerce  the  infiuence  of  a  knowledge  of  the  weather  on  all  our  operations, 
whether  on  land  or  sea,  can  not  be  measured  in  a  report  of  this  nature.  It  is  desired, 
however,  to  throw  out  a  few  suggestions  as  to  the  value  of  climatic  data  to  the  busi- 
ness interests  of  a  community. 

In  projecting  lines  of  traffic  or  in  shipping  perishable  goods  it  is  a  matter  of  im- 
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portanoe  to  know  vhat  precantions,  if  any,  need  be  taken  to  prevent  interruptions 
of  traffic  or  damage  to  goods,  and  heroin  lies  the  value  of  a  contiunoas  meteorolog- 
ical record,  since  the  conditions  which  have  obtained  in  one  season  may  be  entirely 
reversed  during  another  season.  It  is  also  necessary  to  know  the  probability  of  ex- 
treme weather  being  experienced,  and  this  is  only  possible  when  long  records  are 
available. 

And  again  the  climatic  record  is  an  important  factor  in  determining  the  amount  of 
runfall  in  catchment  areas  when  pablic  works,  such  as  canals,  irrigation  works, 
storage  reservoirs,  and  waterworks,  are  about  to  be  constrncted.  Thus  the  necessity 
for  and  value  of  climatic  and  meteorological  data  might  be  elaborated  upon  at  great 
length. 

The  weather  bureau  is  charged  by  law  with  announcing  the  approach  and  prob- 
able force  of  storms  and  in  so  doing  requires  certain  physical  data  of  pressure,  tem- 
perature, humidity,  wind  and  weather.  These  data,  after  serving  their  purpose  in 
weather  forecasting,  are  utilized  in  the  preparation  of  climatic  charts  and  discussions 
of  current  weather  conditions.  It  is  obvious,  however,  that  the  dat^  received  from 
the  regular  stations  of  the  bureau  are  quite  insufficient  for  determining  with  great 
precision  the  general  climatic  conditions  of  a  country  so  extensive  as  this.  Therefore 
the  work  of  the  regnlar  observers  is  snpplemented  by  individual  effort  on  the  part 
of  public  spirited  citizens  in  each  State  and  Territory  of  the  Union,  the  united  effort 
furnishing  in  the  monthly  weather  review  a  publication  unique  in  its  comprehen- 
siveness of  data  as  compared  with  the  publications  of  any  other  nation. 

More  observers  are  still  desired,  one  in  each  county  not  already  occupied.  Gener- 
ally speaking  the  States  east  of  the  Mississippi  River  are  well  covered  with  observeni, 
but  the  number  west  of  the  Mississippi  is  scarcely  a  tenth  of  what  it  should  be. 

The  relations  which  exist  between  the  weather  bureau  and  its  voluntary  observers 
are  clearly  set  forth  to  all  who  may  by  application  express  a  desire  to  become  snob. 

COOPERATION  OF  THE  MEDICAL  DEPARTMENT,  U.   8.   ARMT. 

The  Medical  Department  of  the  Army  has  continued  its  valuable  cooperation.  The 
number  of  reports  received  during  the  year  through  the  courtesy  of  the  Surgeon-Gen- 
eral aggregates  1,428 ;  the  number  of  posts  reporting  monthly  being  on  an  average 
119.  The  uniformly  prompt  and  effective  action  of  tne  Medical  Department  in  sup- 
plying occasional  omissions  in  the  monthly  registers  is  gratefully  acknowledged. 

COOPERATION  OP  THE  GEOLOOICAL  SURVEY. 

The  irrigation  branch  of  the  Geological  Survey  has  kindly  supplied  the  results  of 
their  observations  of  rainfall  in  Arizona,  Colorado,  and  New  Mexico  for  use  in  the 
preparation  of  the  monthly  weather  review.  These  observations,  principally  from 
regions  whose  rainfall  is  practically  unknown,  are  of  the  utmost  value  in  constructing 
climatic  charts  of  the  arid  region.  A  total  of  469  monthly  reports  has  tJius  far  been 
received.  The  number  of  stations  reporting  through  the  Geological  Survey  averages 
about  48. 

COOPERATION  OF  THE  PACIFIC  RAILWAY  SYSTEM. 

The  railway  has  through  the  observer  of  this  service  at  San  Francisco  continued 
to  furnish  monthly  values  of  temperature,  precipitation,  and  wind  direction  from  188 
stations.  The  number  of  summaries  received  during  the  year  aggregates  2,256.  It  is 
not  perhaps  widely  known  that  this  railroad  company  has  a  number  of  climatic  rec- 
ords, each  *20  years  in  length,  covering  a  portion  of  the  States  of  California,  Nevada, 
and  the  Territories  of  Arizona  and  Utah.  The  example  of  enterprise  here  given  is 
worthy  of  emulation. 

COOPERATION  OP  THE  HYDROGRAPHIC  OFFICE,  ^AVY  DEPARTMENT. 

Much  valuable  aid  has  been  extended  to  the  Signal  Office  throughout  the  year  by 
the  active  cooperation  of  the  Ilgdrographic  Office  of  the  Navy  Department.  Inter- 
national observations  made  by  captains  of  ocean  steamships  and  sailing  vessels, 
whereby  the  paths  of  depression  in  the  North  Atlantic  have  been  charted  and  dis- 
cussed, have  been  received  for  six  or  more  months  of  the  year  from  451  vessels  and 
for  less  shan  six  months  from  441  vessels— an  aggregate  of  892  vessels  from  which 
about  3,924  reports  have  been  received. 

COOPERATION  OF  NEW  YORK  HERALD  WEATHER  SERVICE. 

The  New  York  Herald  weather  service  has  also  continued  its  valuable  cooperation 
tbroiighoQt  the  year,  having  forwarded  to  this  bureau  an  aggregate  of  541  reports 
made  by  captains  of  123  vessels.    These  murine  reports  with  logs  of  vessels  accessible 
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at  the  Navy  Department,  sapplemented  by  the  Signal  Service  or  land  reports  at  this 
office,  are  so  great  and  pertinent  tliat  a  complete  revision  of  tbe  geography  of  the  air 
over  sea  and  land  in  a  treatise  npon  -winds  of  the  globe,  and  especially  cyclones,  is 
now  awaiting  the  pen  of  another  Loomis  or  a  modem  Maury.  These  cyclones,  com- 
ing as  they  do  from  southeastern  seas  and  striking  our  coast  south  of  Hatteras,  are  be- 
yond the  coffnizance  of  complete  investigation  of  this  service  until  they  come  ashore 
and  then,  like  the  true  mariner,  their  land  paths  are  not  always  straight  and  regular. 
Of  all  these  phases  of  storm  movement  the  utmost  attainable  information  is  valuable 
and  with  the  international  series  of  observations  conducted  by  this  service  for  ten 
years  in  every  sea  will  form  a  basis  for  scientific  research  the  resulting  benefits  of 
which  are  ali-imx>ortant. 

Nine  hundred  and  twenty-four  standard  meteorological  instruments,  valued  at 
t2,784  were  issued  to  voluntary  observers  during  the  year.  There  were  broken  during 
the  same  period  165  instruments  (thermometers),  valued  at  |441 ;  60  per  cent,  of  these 
instruments  were  maximum  thevmometers.  This  unusually  large  breakage  was  un- 
doubtedly dne  to  nnfamiliarity  with  the  principles  and  constouction  of  the  instrument 
and  difficulty  in  properly  mounting  the  same. 

A  circular  letter  was  prepared  and  sent  out  with  each  issue,  describing  the  instru- 
ments and  giving  explicit  directions  as  to  setting  up  and  using  both  the  maximum 
and  the  minimum  seu-registering  thermometers.  These  instructions  have  already 
accomplished  good  results,  and  it  is  hoped,  in  a  new  book  of  directions  to  voluntary 
observers,  in  course  of  preparation,  to  make  so  clear  and  plain  every  feature  of  the 
manipulation  of  these  instruments  that  few  will  be  broken. 

Tabus  of  Thsrmobibtkrs  and  Rain  Gauges  issued  to  Voluntary  Observers, 

BY  States. 


State. 


Alaska 

Alabama 

Arkansas 

Arizona 

California 

Colorado 

Connecticut 

Delaware 

District  of  Columbia. 

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

Indian  Territory 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts 

Michigan 

Minnesota ^ 

Mississippi 


Thermometers. 


Dry. 


o 

CO 

o 

p 

0 
»-5' 


5^ 


u 

o 

£ 


1 

15 
11 


21 
14 


5 
2 
4 


2 

3 
14 
4 
1 
1 


8 


eo    ^ 


4 

5 
.2 

3 
3 

7 


6 
4 
3 


7 
2 
8 
4 
6 
1 
1 
4 


3 
4 


Maximum. 


o 

a 
a 


o^ 


u 

o 

U 


1 
11 
10 


11 
44 


6 
3 
3 
1 


6 
4 
9 
1 
1 
2 


8 


3S 

So 


".a 
SI. 

S 

P 

©^ 

^ 

o 

B^ 

M 

U 

O 

•c 

au 

(Li 

4 

15 
2 
17 
7 
7 
1 


2 
2 
9 
3 
G 
3 
8 
11 
6 
8 


3 
10 


Minimum. 


■^ 

s 


1 

12 
11 


10 
42 


7 
3 
4 
1 
1 


5 
4 
11 
3 
1 
1 


1 
10 


s 

a  O 


4 

14 

4 

17 
7 
8 
1 


2 
2 
7 
1 
5 
3 
10 
11 
5 


2 

8 


Rain  gauges. 


o 

« 

P 


o 

c 

PL4 


1 

15 
13 

1 
14 
33 

1 


9 
5 
5 
1 
2 


9 
5 
20 
4 
1 
3 
1 


13 


QUO 


5 
12 

2 
22 

5 


7 
8 
8 
3 

14 
4 
7 

13 
4 
4 
1 
1 


4 
6 


Total. 


o 

CO 

o 

a 
a 


4 
53 
45 

1 

56 

133 

1 


27 

13 

16 

3 

7 


22 

16 

54 

12 

4 

7 

1 


1 
39 


CO     ^ 

So 


17 
46 
10 
59 
22 
28 
2 


17 

16 

27 

7 

32 

12 

33 

39 

21 

19 

2 

G 


12 
28 
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Tablb  of  Thermometers  and  Rain  Gauges  issued  to  Voluntary  Obsbrvkbs, 

'  BY  STATE8-~00DtinQed. 


State. 


Missonrl 

Montaoa 

Nebraska 

Nevada 

New  Hampshire. 

New  Jersey 

New  Mexico 

New  York 

North  Carolina. , 
North  Dakota... 

Ohio 

Oregon 

Pennsylvania... 
Rhode  Island  . . . 
Sonth  Carolina  . 
Son  th  Dakota... 

Tennessee 

Texas  

Utah 

Vermont 

Virginia 

Washington 

West  Virginia  . . 

Wisconsin 

Wyoming 

Miscellaneous... 


Total 


Thermometers. 


Dry. 


o 

9 

a 

O 


2 

6 

10 


5 

10 

6 

4 


7 
2 


2 
8 
1 
25 
7 
2 
1 


1 

10 


5 


225 


55 


9 
3 
3 


4 
9 
2 
4 


10 
9 
I 
6 
5 
3 
2 
4 
2 


163 


Maximum. 


1.1 

o 

u 


2 

8 


4 
3 
3 
6 
1 
8 
5 


1 
4 

1 
17 
8 
2 
4 
1 
1 
5 
2 
1 


209 


0«M 


13 

8 
6 


4 
10 
11 
5 
4 
1 
8 


12 
4 
1 
6 

11 
1 
6 
6 
1 


247 


Minimum. 


o 

CO 
9 

a 
a 


2- 


£ 


1 

4 
13 


2 
2 

11 
5 
6 
1 

10 
4 


1 
6 
1 
23 
6 
2 
6 
1 
1 
4 
2 
2 


242 


is 


13 
6 
3 


3 
10 
7 
3 
3 
1 
5 
1 


13 
5 
1 
4 

11 
1 
6 
6 


223 


Rain  gauges. 


o 

CO 

a 
c 
•-5 


Or-i 


5 
15 


3 

5 

15 

8 
6 


10 
4 


2 
9 
1 

35 
6 
2 
7 
1 
2 

10 
2 
5 


313 


CO     •. 

©  fH 

2  >» 

is 


15 
6 

4 


2 
7 
5 


6 
1 
5 


1 

7 


8 
13 
1 
8 
11 
3 
2 
6 
2 


249 


Total. 


a 


2- 


o 

Pk 


5 

17 
46 


6 
16 
39 
22 
22 

2 
35 
15 


6 
27 

4 

100 

29 

8 
16 

3 

5 
29 

7 
13 


989 


-I 

..QO 
CO     .. 

1^ 


50 
23 
16 


9 
31 
32 
10 
17 

3 
23 

1 


1 

20 


43 
31 

4 
24 
38 

8 
16 
22 

5 


882 


The  Chief  Signal  Officer,  having  recognized  and  early  adopted  the  principle  that 
temperature  means  derived  from  readings  of  self-registering  thermometers  recording 
the  higheat  and  lowest  heat  or  cold  serve  the  best  practical  purpose  among  the  varions 
grades  of  stations  and  observers  that  obtain  in  the  great  collection  of  data  by  this 
service,  the  policy  of  issuing  to  voluntary  observers  maximum  and  minimum  ther- 
mometers has  largely  prevailed  during  the  past  year.  This  system  of  obtaining  tem- 
perature means  or  averages,  having  been  adopted  for  the  regular  Signal  Service  sta- 
tions, its  extension,  as  far  as  possible,  to  tbe  voluntary  observers  has  made  the  ther- 
mometric  data  more  comparable,  doe  consideration  being  given  to  elevation  and  loeal 
characteristics  of  country  immediately  surrounding  the  station.  Besides  these  con- 
siderations, the  greater  value  of  temperature  observations  flowiug  from  quite  a  uni- 
versal record  of  the  highest  and  lowest  at  any  time  of  the  day  or  night  is  recognized 
in  all  climatic  investigations,  especially  those  pertaining  to  horticulture  and  agri- 
culture. 

Another  valuable  and  noteworthy  feature  is  that  the  height  of  the  thermomet-er  at 
any  hour  is  readily  seen  from  tbe  minimum  or  alcohol  instrument.  This  extension 
in  the  utility  of  the  voluntary  system  to  all  agricultural,  horticultural,  and  kindred 
interests  is  apparent  to  the  fruit-grower  or  vineyardist  who  must  know  the  very  low- 
est temperature  to  which  his  tender  plants  may  be  exposed.  The  mean  temperatnie 
of  a  place  alone  fiiils  to  convey  this  information. 
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The  tecords  of  many  of  the  volantary  observers  however,  when  placed  side  by  side 
with  those  having  exposure  in  standard  shelters,  are  seen  to  be  detective,  and  this  is 
attributable  to  improper  exposure  iu  defective  shelters  or  non-exposure,  so  to  speak, 
in  that  the  thermometers  are  not  protected  from  either  the  direct  rays  of  the  sun  dur- 
ing some  time  of  the  day,  reflection  from  some  neighboring  surface  or  other  cause 
which  unduly  increases  the  readings.  Often  the  instruments  are  allowed  to  become 
exposed  to  the  rain  or  snow  which,  falling  upon  the  bulb,  creates  evaporation  upon 
them  and  thus  also  unduly  lowering  the  record. 

To  avoid,  as  far  as  possible,  these  errors,  a  shelter  that  is  small,  cheap,  and  such  as 
can  be  made  by  almost  any  person,  seems  a  desideratum.  Illustration  of  such  a  shel- 
ter is  submitted,  made  of  six  small  pieces  of  lumber  or  boards,  several  hinges  and 
screws ;  and  in  making  requires  only  the  usual  available  tools,  a  saw,  square,  screw- 
driver and  small  anger. 

This  shelter,  as  is  seen  from  the  illustration,  is  a  folding  one  and  adapted,  in  conse- 
quence, to  enlarging  of  space,  admitting  the  swinging  and  tilting  of  the  instruments 
in  setting.    The  shelter  fulfills,  in  a  cheap  way,  all  the  requisites  when  placed  on  the. 
north  side  of  a  building,  preferably  under  a  porch. 

It  consists  of  five  boards  attached  by  hinges  to  a  sixth,  which  latter  is  firmly  fixed 
against  the  side  or  wall  of  a  building ;  four  of  these  boards  are  perforated  by  anger 
holes  to  give  free  circulation  of  air,  always  bored  at  an  inclination  upward,  so  as  to 
exclude  rain  beating  in  and  the  sun  in  the  early  morning  or  late  evening  shining 
npon  the  instruments.  A  good  rule  to  observe  in  obtaining  the  proper  inchnation  of 
these  perforations  is  to  place  on  a  piece  of  paper  the  exact  thickness  of  the  board  as 
a  horizontal  line  and  at  its  right  hand  end  erect  a  perpendicular  line  equal  to  the 
diameter  or  size  of  the  auger  or  bit  to  be  used  in  boring  the  holes.  Now  connect  the 
extremities  forming  a  right  triangle.  The  inclination  or  angle  of  this  longest  line 
will  be  the  proper  one  with  which  to  incline  the  boring  tool. 

It  will  be  readily  seen  from  the  cut  that  the  top  foldB  or  turns  upward,  the  ends 
turn  to  the  right  and  left  against  the  side  of  the  building,  and  then  secured  in  these 
positions  by  buttons.  The  side  or  front  and  bottom  fold  down  and  rest  by  their  own 
weight  in  place  against  the  side  of  building.  This  is  the  appearance  of  the  shelter 
when  opened  for  setting  the  instruments  and  allows  the  maximum  thermometer  to 
be  turned  about  the  pivot  to  which  it  is  attached,  and  the  minimum  thermometer  to 
be  tilted  without  interruption  or  fear  of  striking  against  any  object. 

The  following  material  is  required  for  the  least  size  of  shelter  that  will  conven- 
iently fulfil  the  purposes,  viz : 

For  back  or  base,  one  board  20  inches  long,  12  inches  wide,  1  inch  thick. 

For  top,  one  board  24  inches  long,  10  or  11  inches  wide,  1  or  f  inch  thick. 

For  bottom,  one  board  20  inches  long,  8  inches  wide,  i  or  f  inch  thick. 

For  front,  one  board  20  inches  long,  10  inches  wide,  i  or  f  inch  thick. 

For  ends,  two  boards  12  inches  long  on  one  side,  10  inches  long  on  the  other  side,  8 
inches  wide,  i  or  f  inch  thick,  cut  square  at  one  end. 

Ten  small  hinges  and  40  suitable  screws. 

One  hook  or  padlock,  with  fastenings  to  secure  shelter. 

Three  large  screws  or  spikes  to  secure  back  of  shelter  to  building. 

It  is  believed  that  the  use  of  some  shelter  by  all  voluntary  observers  to  whom 
standard  instruments  are  issued  should  be  insisted  upon,  and  as  this  diagram  placed 
in  the  hands  of  any  carpenter  will  enable  him  to  make  the  shelter,  it  supplies  a  safe, 
cheap,  portable,  and  reasonably  accurate  shelter  that  can  be  attached  t^  tbe  north 
side  of  any  building.  It  should  be  under  a  porch  and,  if  not,  a  piece  of  canvas 
tacked  along  the  hinged  side  of  the  top  to  prevent  rain  falling  inside  the  shelter. 

INDEX  OF  MBTEOROLOOXCAL  OBSERVATIONS  IN  THE  UNITED  STATES. 

The  lack  of  any  complete  and  reliable  index  of  the  numerous  meteorological  ob- 
servations which  have  been  made  in  tbe  United  States,  whether  by  private  imli- 
viduals,  civil  institutions,  or  Gk>vernment  bureaus,  has  often  been  a  serious  hindrance 
to  rapid  and  efficient  work  in  tbe  preparation  of  statistical  matter  and  iu  answering 
inqnfries  for  climatic  data.  Moreover,  the  observers  of  the  Signal  Service,  particn- 
larly  those  in  oharg^e  of  State  weather  service  work,  labor  at  a  great  disadvantage 
from  a  necessarily  imperfect  knowledge  of  the  number  and  character  of  observations 
which  have  already  been  taken  in  their  respective  States. 

The  Chief  Signal  Officer,  early  to  recognize  the  necessity  of  a  work  which  shall 
give  this  information  in  convenient  shape,  directed  on  April  1,  1890,  that  steps  be 
t>aken  to  prepare  such  an  index,  using  one  of  the  duplicating  processes  to  reproduce 
the  typewritten  copy. 

In  the  prosecution  of  this  work,  the  original  luannscript  observations  in  the  files 
of  the  Signal  Office  and  the  refiulfs  of  observations  which  appear  in  tbe  published 
oompilations  of  the  Smithsonian  institution.  Patent  Office,  Medical  Department  of 
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the  AiiDy  and  in  other  publications,  are  examined  and  indexed.  Thos  far  61  pa£^ 
of  the  index,  embracinfic  the  States  of  Alabama,  Arkansas,  California,  Colorado,  Iowa, 
Louisiana,  Missouri,  Minnesota,  Nevada,  Nebraska,  Wisconsin,  and  the  Territories 
of  Arizona,  New  Mexico,  Utah,  and  Alaska  have  been  completed.  It  is  hoped  that 
the  work  will  be  completed  by  July  1,  1891. 

CARD  INDBX  OF  STATIONS. 

Work  on  the  card  index  of  stations,  besnn  on  April  1, 1889,  has  been  prosecuted 
throughout  the  year.  One  thousand  nine  uaudred  and  ninety  cards  have  been  added 
to  the  number  on  hand  on  July  1,  1889.  The  total  number  of  cards  now  on  hand  is 
4,304. 

The  card  first  prepared,  having  failed  to  meet  the  requirements  for  which  it  was 
designed,  a  new  cara  was  devised  and  put  in  use  during  the  year.  By  utilizing  both 
stdes  of  the  card  a  complete  history  of  each  station,  including  the  kind,  quality,  and 
exposure  of  instruments  in  use  is  made  available  for  convenient  consultation. 

TABLVS  OF  ANNUAL  MBAN    TEMPERATURE  AND  TOTAL  PRBCrPITATION. 

A  notable  departure  in  the  methods  of  the  office,  as  regards  the  treatment  of  annual 
values  of  temperature  and  precipitation  at  voluntary  stations,  was  inaugurated  by  t^e 
Chief  Signal  Officer  at  the  close  of  the  calendar  year  1889.  In  former  years  the  re- 
sults of  observations  were  published  for  a  very  few  stations — ^scarcely  1  per  cent, 
of  the  whole  number — ^and  consequently  the  meteorological  conditions  for  the  year 
were  very  imperfectly  represented.  Beginning,  as  before  stated,  with  the  dose  of  the 
year  1889,  there  were  computed  in  the  division  from  the  values  which  had  been  pub- 
lished in  the  Monthly  Weather  Review,  the  mean  annual  temperature  and  the  total  pre- 
cipitation for  over  a  thousand  stations.  To  these  values  were  added  the  extremes  of 
temperature  for  the  year,  date  of  occurrence,  the  departure  of  the  average  temper- 
ature,  and  total  precipitation  for  the  vear  1889,  departure  from  the  normal,  and  other 
valuable  climatic  data;  the  whole,  with  appropriate  charts,  being  published  as  a  sup- 
plement to  the  Monthly  Weather  Review  ibr  December,  1889. 

ANNUAL  REPORT  TABLES. 

The  general  meteorological  tables  for  the  United  States,  as  printed  in  the  ann^ial 
report  of  the  Chief  Signal  Officer  for  1889,  pages  178  to  379,  inclusive,  were  prepay  sd 
in  the  division  during  the  year. 

These  tables  contain  much  valuable  data  for  the  use  of  the  division  in  its  currtnt 
work  in  supplying  the  public  with  information  that  otherwise  could  not  possibly  be 
furnished.  An  unusual  degree  of  care  was  exercised  in  the  preparation  of  ths^ 
tables,  and  it  is  therefore  believed  that  they  will  be  found  as  nearly  correct  as  pon> 
sible.  Voluntary  observers  or  others  noticing  an  error  in  any  particular  have  be4% 
invited  to  report  it. 

8PECLA.L  WORK  UNDERTAKEN  AND  COMPLETED  DURING  THE  TEAR. 

The  special  work  undertaken  and  completed  during  the  year  was  considerably 
greater  than  in  former  years.    The  more  important  matters  are  as  follows: 

(1)  At  the  request  of  the  special  committee  of  the  United  States  Senate  on  irriga^ 
tiou  of  the  arid  lands,  through  its  agent.  Col.  R.  J.  Hinton, '  tables  of  rainfall  foi 
Montana,  North  and  South  Dakota,  Nebraska,  and  Kansas,  to  include  August,  1889, 
were  prepared  and  forwarded  to  the  committee  in  October. 

These  tables  were  based  upon  all  the  records  available,  and  contained,  in  addition 
*iO  a  tabular  history  of  all  meteorological  stations  in  the  States  named,  the  average, 
the  greatest  and  the  least  |>recipitation  at  each  station  for  each  month  of  the  year. 
The  completed  tables  comprise  records  from  ^1  stations,  equivalent  to  about  twenty 
quarto  pages.  This  compilation  substantially  completes  the  tabulation  of  the  rain- 
fall records  of  the  arid  region — in  fact,  of  almost  the  entire  trans-Mississippi  coun- 
try. It  is  regretted  that  tne  tables  have  nnt  been  printed,  since  the  advantages  of 
having  the  rainfall  of  this  section  in  convenient  form  for  use  or  reference,  can  not  i)o 
overestimated.  It  may  be  added  that  the  rainfall  records  for  the  greater  part  of  the 
arid  region  have  already  been  printed  in  Senate  Executive  Document  No.  91,  Rainfall 
on  the  racific  Coast  and  the  Western  States  and  Territories. 
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CLIMATE  OF  NKBBASKA. 

(2)  A  report  on  tlie  climate  of  Kebraska,  with  charts  and  tables,  was  ^prepared 
under  the  personal  supervision  of  the  Chief  Signal  Officer  and  sabmitted  to  the  United 
States  Senate  in  compliance  with  Senate  resolution  dated  April  22;  1890.  This  report, 
now  being  printed,  is  one  of  the  most  thorongh  and  comprehensive  of  its  kind  ever 
made  by  the  Signal  Office,  and  will  be  of  very  great  value  to  the  office  in  supplying 
information  to  persons  interested  in  agricultural  pursuits  in  Nebraska  and  contiguous 
States.  All  sources  of  information  were  exhausted  in  the  preparation  of  the  charts 
and  tables  comprised  in  the  report,  the  tables  being  brought  down  to  April  1,  1890. 

NORMAL  TEMPERATURE  CHARTS  FOR  MICHIGAN. 

(3)  Normal  temperatnre  charts  for  the  State  of  Michigan  for  the  months  of  Janu- 
ary to  June,  were  prepared  during  the  year  for  publication  in  the  stated  issues  of  the 
reports  of  the  Michigan  weather  service.  It  is  expected  that  the  remaining  charts, 
July  to  December,  will  be  completed  during  the  ensuing  year. 

The  isotherms  on  the  winter  charts  were  drawn  for  every  degree,  but  on  the  charts 
for  the  spring  and  summer  months,  when  temperature  changes  are  more  rapid,  the 
lines  were  drawn  for  every  two  degrees.  The  scale  of  the  map  upon  which  these 
charts  were  published  is  sufficiently  large  to  show  quite  clearly  the  influence  of  the 
great  lakes  on  the  temperature  of  the  State  and  manv  other  interesting  features. 

By  charting  temperature  data  for  any  given  area  the  greater  portion  of  the  errors 
which  inevitably  creep  into  any  extensive  compilation  are  quickly  discovered  and 
rectified.  Improper  exposures  of  thermometers  also  are  indicated  by  giving  valnes 
above  or  below  the  normal. 

It  is  suggested  that  the  entire  mass  of  temperatnre  data  now  in  the  files  of  the 
office  be  charted,  both  as  a  means  of  placing  it  in  convenient  shape  for  use  and  of 
correcting  such  erroneous  values  as  may  be  found  therein. 

COMPILATION  OF  BACK  RECORDS. 

(4)  The  vault  of  the  Signal  Office  is  filled  with  volumes  containing  masses  of  figures 
absolutely  useless  in  their  present  condition,  but  which,  when  worked  up  into  definite 
shape,  give  expression  to  physical  laws  applicable  to  the  manifold  interests  of  mod- 
em civilization. 

Probably  the  most  important  work  of  the  year,  measured  by  immediate  and  prac- 
tical results,  was  that  of  reducing  a  small  portion  of  this  vast  accumulation  of  mean- 
ingless figures  to  an  orderly  expression  of  one  of  nature's  fixed  laws. 

The  Signal  Service  has  probably  the  most  valuable  set  of  wind- velocity  records  by 
self-registering  instrnments  extant,  yet  hitherto  no  attempt  has  been  made  to  arrange 
these  records  for  use  in  the  solution  of  mechanical  or  other  economical  questions. 
The  hourly  velocities  even,  for  all  years  prior  to  1884,  have  neither  been  counted  nor 
tabulated  on  proper  forms. 

The  mean  hourly  velocity  of  the  wind  as  heretofore  determined  and  published 
represents  simply  the  averace  of  the  twenty -four  hours,  and  gives  therefore  only  a 
general  value  for  the  day.  An  average  hourly  velocity  of  ten  miles  per  hour,  com- 
pnted  by  dividing  the  daily  movement  by  the  number  of  hours  in  the  day,  naturally 
incliylos  velocities  above  and  below  the  average.  So  that  in  some  cases,  especially 
at  stations  where  the  monthly  movement  is  inconsiderable,  the  results  derived  by 
the  method  above  described  may  be  misleading  without  due  consideration  of  this 
fact. 

The  first  step  in  the  determination  of  the  true  average  hourly  velocity  of  the  wind 
(that  is,  the  mean  velocity  for  each  of  the  twenty-four  hours)  was  to  count,  tabulate, 
and  assemble  into  hourly  periods  a  portion  of  the  year  1884,  for  about  sixty  repre- 
sentative statiouH  throughout  the  United  States.  A  total  of  157,680  hours  of  wind 
movement  was  accordingly  tabulated,  and  by  combination  with  the  records  previously 
made  by  observers  in  charge  of  stations  (nearly  two  million  hours),  a  seven-year 
normal  velocity  for  each  hour  of  the  day  was  obtained. 

The  accomplishment  of  this  work  was  laborious  and  its  completion  was  greatly 
retarded  by  tne  fact  that  a  portion  of  the  work  done  by  the  original  obser/ers  was 
faulty  and  had  to  be  verified  from  beginning  to  end.  In  addition  to  the  foregoing 
the  number  of  hours  during  which  the  wind  blew  continuously  at  the  rate  of  twenty- 
five  or  more  miles  per  hour  were  counted  and  tabulated. 

These  tables  are  of  value  to  builders  in  that  they  show  the  months  of  the  year 
during  which  extreme  wind  velocities  are  to  be  expected  and  the  force  attained  by 
such  velocities. 

Maritime  interests  A^e  equally  inteirestied  in  this  ol^ss  of  dataj  particularly  mariao 
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niulerwriters  in  the  larger  ports  of  the  United  States.  Private  outerpriso  collects 
yearly  statistics  ot*  losses  on  the  seas  and  lakes,  whether  hy  lire,  collisiou,  or  storm,  as 
it  is  largely  upon  such  information  that  future  risks  may  be  taken  intelligently.  It 
follows  as  a  corollary  to  the  foregoing  that,  by  a  careful  comparison  of  the  storm 
winds  and  the  losses  duo  directly  thereto,  the  probability  of  loss  by  st-orms  during  the 
season  of  danger  to  shipping  could  be  approximated  with  a  considerable  degree  of 
certainty. 

The  data  are  also  of  value  to  agricultural  interests  in  showing  the  probability  of 
damage  to  fields  of  grain  by  strong  and  continuous  winds.  It  is  also  usefal  in  many 
sections  of  the  country  in  determining  the  availability  of  the  windmill,  especially 
where  pumping  water  for  stock  or  irrigation  of  small  fruit  or  garden  patches.  The 
use  of  auemometers  registeriug  wind  velocities,  as  well  as  the  collection  of  other 
climatic  data  at  military  posts  and  within  the  arid  region  where  military  telegraph 
lines  years  since  required  the  presence  of  expert  sigoal-service  operators,  has  fur- 
nished a  treasury  of  these  Important  data. 

DIURNAL  VARIATION   OF  PKE6SURK  ANI>  TEMPERATURE. 

(5)  The  i n  vest i gat  ion 8,  conducted  under  the  personal  supervision  of  the  Chief  Sig- 
nal Officer,  upon  the  diurnal  variation  of  pressure  and  temperature,  and  the  conse- 
quent determinatiou  of  normal  values  of  pressure  and  temperature  for  use  in  the  fbre- 
cast  division,  have  formed  a  very  important  branch  of  work  in  the  division  during 
the  last  half  of  the  year. 

The  normals  of  pressure  and  temperature  compnt«*d  for  the  hours  of  7  a.  m.,  3  and 
10  p.  m.  not  being  strictly  applicable  to  the  honrs  of  8  a.  ni.  and  8  p.  m.,  at  which  fore- 
casts are  now  made,  it  became  necessary  to  determine,  as  before  stated,  new  normals 
tor  the  new  honrs,  or  which  amounts  to  the  same  thing,  the  diurnal  variation  of  the 
two  elements  under  consideration.  Having  the  diurnal  variation  dot«rmined  once 
for  all,  it  will  be  possible  to  reduce  the  pressure  or  temperature  at  any  hour,  or  for 
any  combination  of  hours,  to  the  true  mean  of  the  day.  ^  In  the  climatic  work  of  the 
division,  the  hourly  corrections  for  temperature,  especially  for  all  portions  of  the 
United  States  west  of  the  eightieth  meridian,  are  much  needed,  since  a  great  many 
voluntary  observers  have,  in  the  past,  recorded  and  now  find  it  impracticable  to  take 
more  than  one  observation  daily.  A  single  observation  of  temperature,  unless  cor- 
rected for  hourly  variation,  is  of  little  utility  for  constructing  averages  which  shall 
be  comparable  with  those  at  surrounding  stations.  As  before  noted,  the  use  of  self- 
registering  thermometers  and  their  approximate  proper  exposure  will  largely  elimi- 
nate for  the  future  the  applications  of  corrections. 

The  prosecution  of  this  work  entails  much  labor  on  account  of  the  many  inaccura- 
cies to  be  found  in  the  records  of  the  early  observers  and  the  fact  that  the  monthly 
averages  of  all  elements  at  the  hours  of  7  a.  ui.,  12  noon,  2  and  9  p.  m.  were  never 
computed  nor  even  tabulated  in  such  a  manner  as  to  render  computation  an  easy 
task.  The  failure  to  do  this  work,  the  necessity  of  which  is  now  so  obvious,  was  no 
doubt  duo  to  the  largely  tentative  methods  adopted  in  a  service  not  hedgcid  about 
with  well  defined  customs  and  precedents. 

Thus  far,  six-year  temperature  averages  for  the  hours  of  7  a.m.,  12  noon,  2  and  9 
p.  m.,  at  60  representative  stations,  a  total  of  about  17,000  temperature  averages, 
and  pressure  averages  for  the  same  period  at  44  stations,  a  total  of  about  13,000  aver- 
ages, have  been  computed.  The  averages  from  1871  to  1876,  inclusive,  for  the  60 
typical  stations,  remain  to  be  computed,  besides  averages  for  such  additionad  8ta> 
tions  as  may  be  necessary  to  supplement  the  data  furnished  by  those  above  men- 
tioned. 

The  hourly  corrections  necessary  to  be  applied  to  the  temperature  of  any  hour,  in 
any  month  of  the  year,  to  reduce  such  temperature  to  the  true  mean  temperature  of 
the  day  have  been  computed  for  60  stations  for  the  months  of  May  and  Juiie^  and  the 
hourly  corrections  for  pressure  for  all  months  at  all  stations  west  of  the  Mississippi 
River  have  been  substantially  completed. 

It  is  expected  that  the  list  of  hourly  corrections  above  described  will  be  completed 
during  the  ensuing  year.  When  finished,  the  present  broken  series  of  observations, 
extending  through  nineteen  years,  may  be  reduced  to  a  harmonious  whole  of  lasting 
usefulness  in  the  current  work  of  the  Bureau. 

A  very  high  grade  of  accuracy  is  required  in  the  clerical  force  which  makes  the 
original  computations,  since  all  deductions  must  be  based  upon  the  small  known  differ- 
ences which  exist  between  the  values  of  separate  hours  during  the  same  period  of 
time.  If,  however,  errors  not  sufficiently  great  to  be  detected  by  inspection  have 
been  made  either  in  transcribing  from  the  original  or  in  subsequent  compntations, 
the  deductions  are  vitiated  in  ffroportion  to  the  magnitude  of  the  errors. 

One  of  the  facts  brought  out  by  examination  of  the  early  records  is  that  it  is  always 
advisable  to  have  the  meteorological  work  of  an  observer  tUoipughly  examined  upon 
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receipt,  as  before  noted,  since  it  does  appear  that  there  were  observers  in  time  past, 
who  were  so  confident  of  their  ability  to  snccessfuily  counterfeit  the  laws  of  nature 
that  they  wrot^  up  their  observations  several  hours  before  or  after  the  schedule  time. 

COMPILATION  OF  STATION  RECORDS. 

(6)  In  addition  to  the  compilations  before  mentioned  the  records  division,  under 
instructions  of  the  Chief  Signal  Officer,  prepared  a  suitable  form  and  required  the 
observers  in  charge  of  the  most  important  stations  to  tabulate  thereon  the  daily  pre- 
cipitation, the  daily  extremes  of  temperature,  the  hourly  wind  movement  for  1883, 
and  at  a  few  stations  the  daily  stages  of  water  in  the  river.  The  importance  of  this 
action  lies  not  so  much  in  the  immediate  results  attained,  as  in  the  fact  that  a  step 
baa  been  taken  towards  a  systematic  arrangement  of  the  meteorological  records  per- 
taining to  the  individual  Signal-Service  stations. 

In  requiring  these  compilations  to  be  made,  attention  was  called  to  the  fact  that 
success  m  making  local  forecasts  of  the  weather,  a  duty  recently  devolved  upon  Signal- 
Service  observers,  could  be  obtained  only  by  careful  and  continuous  study,  aide«l  by 
a  thorough  knowledge  of  all  local  characteristics  associated  with  weather  changes, 
and  to  the  necessity  for  compiling  the  meteorological  data  contained  in  their  office 
records  in  such  manner  as  would  afford  opportunities  for  intelligent  study,  and  at  the 
same  time  enable  them  to  refer  readily  to  any  and  all  of  the  more  important  charac- 
teristics of  each  distinctive  feature  of  local  climatology.  Observers  were  also  in- 
stmoted  to  arrange  the  daily  ev  tremes  of  temperature  so  that  the  maximum  tempera- 
ture for  any  year  would  face  the  minimum  temperature  for  the  same  year,  and  in 
other  ways  to  present  the  greatest  measure  of  information  in  the  least  possible  space. 
The  observers,  with  but  few  exceptions,  were  prom]3t  to  forward  the  data  called  for, 
which,  it  may  be  added,  have  fully  met  the  anticipations  of  the  office,  both  as  to  their 
arrangement  and  utility. 

The  noniials  and  other  data  furnished  the  forecast  official  since  February  have  been 
made  for  decades  instead  offer  the  monthly  periods  as  heretofore,  causing  some  addi- 
tional labor.  The  averages  for  decades  are  more  valuable,  particularly  in  the  spring 
and  autumn,  when  the  seasons  are  changing  rapidly.  A  division  of  the  year  into 
decades,  beginning  March  1,  has  been  advocated  by  Sergt.  Orin  Parker,  meteorological 
reporter  at  Columbus,  Ohio.  Such  a  system  saves  much  work  in  statistical  meteor- 
ology, and  arises  before  the  office  as  a  question  of  advisability  for  adoption. 

WEATI^R  CABLEGRAMS  TO  EUROPE. 

The  work  of  charting  marine  data  for  the  daily  cablegram  to  the  French  meteoro- 
logical bureau  was  transferred  to  the  forecast  division  during  the  year,  where  it  could 
be  accomplished  more  expeditiously  and  with  less  clerical  and  messenger  service. 

NEWSPAPER  REPORTS. 

Newspaper  clippin|;s  containing  storm  reports  have  been  received  during  the  year 
f^om  the  regular  Signal-Service  observers,  voluntary  observers,  and  from  other 
Bources.  These  reports  are  invariablv  turned  over  to  the  review  division  for  use  in 
the  preparation  of  the  Monthly  Weather  Review,  after  which  they  are,  as  a  rule^  de- 
stroyed, it  having  been  found  that  among  the  vast  number  of  such  reports  received 
many  are  duplicates  and  still  others  were  of  no  value  for  permanent  record.  More- 
over, no  perfect  plan  has  yet  been  proposed  whereby  these  reports,  or  the  most  val- 
uable of  them,  could  be  preserved  without  an  expenditure  of  labor  incommensurate 
with  the  results  attained. 

LETTERS  SENT  AND  RECEIVED. 

The  number  of  letters  ''senf  jirepared  in  the  division  during  the  year  is  as  fol- 
lows: 

For  autograph  signature  of  the  Chief  Signal  Officer,  press-copied  and  mailed 

in  the  records  division 4 1,106 

For  signature  of  records  officer  to  observers  of  the  Signal  Service,  press- 
copied  and  mailed  in  correspondence  division 7,103 

For  signature  of  records  officer,  including  circular  letters  and  acknowledg- 
ments mailed  in  records  division,  only  the  more  important  letters  being 
press-copied 12,703 

Total 20,912 
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The  oorrespondence  of  the  division,  although  showing  an  increase  of  11  percent,  over 
that  of  1889,  has  been  condncted  with  dispatch  and  economy  of  labor.  The  acknowl- 
edgmeut  of  receipt  of  voluntary  observers'  meteorological  reports  was  changed 
dnring  the  year  from  a  formal  letter  to  a  postal  card,  thns  reducing  the  labor  of 
writing  addresses  one-half,  in  addition  to  saving  the  Qovemment  the  cost  of  the  en* 
velopes  used  in  wailing  the  formal  acknowledgments  each  month.  The  nse  of  skele- 
ton forms  of  letters,  of  which  over  thirty  have  been  prepared,  makes  it  possible  for 
one  clerk  to  prepare  the  large  correspondence  of  the  division. 

Three  thousand  four  hundred  and  twenty-eight  letters  were  received  and  recorded 
during  the  year.  This  number,  while  about  20  per  cent,  less  than  for  the  same  period 
last  year,  does  not  indicate,  as  mij^ht  be  inferred,  a  falling  off  in  the  correspondence 
of  the  division,  but  rather  that  unimportant  papers  have  not  been  entered  as  hereto- 
fore, and  that  the  number  of  circular  letters  of  inquiry  sent  out  concerning  tornadoes 
has  been  very  much  reduced. 

FORMS  RECBIVED;   CHECKED,  Ain>  FILED. 

r 

The  table  below  shows  in  detail  the  number  of  forms  and  reports  received  and  filed 
in  the  division  during  the  year.  A  check  list  is  kept  of  the  more  important  ones 
only. 

Forms  101.  Original  record  of  observations  (second-order  station) 1, 752 

Forms  102.  Anemometer  record  sheets 47,965 

Forms  103.  Anemoscope  and  rainfall  sheets 5,475 

Forms  112<2.  Cautionary  and  storm  signals 570 

Forms  112ft.  Beport  of  cold- wave  displays 1,440 

Forms  114.  River  observations 1,104 

Forms  116.  Annual  report  of  observers 176 

Forms  117.  Comparative  barometer  readings 1,800 

Forms  118.  Hourly  readings  (Thermograph) 580 

Forms  118.  Hourly  readings  (Barograph) 206 

Forms  1 19.  Original  record  of  observations  (third-order  stations) 'SGO 

Forms  1226.  Monthly  meteorological  report  (voluntary  observers) 8, 785 

Forms  122i.  Advance  summary  of  fc)t»te  weather  service  observers'  reports . ..  288 

Forms  124.  International  observers'  reports 3,014 

Forms  127.  Annual  meteorological  summary 4:^8 

Forms  13h.  Daily  observations  (cotton-region  stations) 2, 520 

Forms  140.  Abstract  of  daily  journal 2, 112 

Forms  144.  Monthly  report  of  observations  (cotton-region  stations) *    966 

Forms  165.  Hourly  wind  movement 2,820 

Forms  174.  Daily  rainfall,  etc 2,440 

Forms  180.  Monthly  meteorological  report  (rainfall  stations) Til 

Forms  184c.  Monthly  summary  observations  (State  weather  service) 2b8 

Forms  203.  Cipher  report  of  observations 106,580 

Total 192,417 

The  clerks  of  the  division  are  deserving  of  commendation  for  the  uniformly  close 
attention  they  have  given  to  their  work,  and  the  generally  satisfactory  manner  in 
which  their  duties  have  been  performed.  It  is  earnestly  recommended  that  provi- 
sions be  made  for  the  advancement  in  grade  of  the  most  deserving  clerks. 

It  is  worthy  of  mention  that  as  a  rule  the  work  of  persons  appointed  from  the 
copyists'  register  of  the  Civil  Service  Commission  falls  considerably  below  the  stand- 
ard required  of  all  clerks  who  successfully  serve  in  the  records  division.  There  is 
but  little  current  work  in  the  division  which  may  be  termed  copying.  Moreover, 
experience  has  proved  that  it  is  dangerous  business  to  permit  a  copyist,  however 
accurate  he  may  be,  to  transcribe  or  tabulate  meteorological  data  which  are  to  him 
as  so  many  meaningless  figures.  The  results  of  inexperienced  work  in  former  years 
are  manifest  on  every  hand.  In  many  cases  the  original  work  has  been  multiplied 
threefold  simply  on  account  of  the  inexperience  of  copyists.  The  policy  of  the  Chief 
Signal  Officer  in  preferring  for  appointment  to  the  grade  of  meteorological  clerk  per- 
sons who  have  passed  the  necessary  examination  and  who  have  had  previous  experi- 
ence in  the  Signal  Service,  has  been  productive  of  excellent  results,  both  in  securing 
a  much  better  |i^rade  of  clerks  and  in  enabling  those  having  charge  of  the  division  to 
devote  more  time  to  important  matters  and  less  to  detailed  instructions  in  the 
minutiB  of  their  subordiates'  work. 

The  actual  persoual  interest  aud  attention  of  the  Chief  Signal  OfiQcer  to  all  details 
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of  work  carried  on  by  this  diviaioii  has  resulted  io  sach  intimate  aoqaaintanoe  with 
the  special  work  of  each  member  of  the  derioal  force  that  any  reference  to  the  indi- 
vidual deserts  of  its  personnel  would  perhaps  be  flpratuitous.  Exceptional  commen- 
dation in  no  small  measure  is  due.  however,  to  the  chief  clerk  of  the  division,  Mr. 
Alfred  J.  Henry,  for  his  thorough  knowledge  of  the  routine  duties  and  his  grasp  of 
the  application  of  the  collected  data  in  the  fines  of  meteorological  research. 
Re^ectfully  submitted. 

W.  A.  Qlassvord, 
^  Second  Lieutenaniy  Sigfuil  CorpSj  Signul  OffleeTf 

Assistant  and  Records.  Ofiosr. 

Chikf  Signal  Officsk. 

11945--8ia  90 18 
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BEPORT  OF   THE   CHIEF   SIGNAL   OFFICES. 


APPENDIX    XX. 


Monthly  and  Tkarlt  Mktroroijooical  Summariks  at  Stations  of  thv  Signal 

Servicb. 

NoTB.— This  appendix  contaJna  data  for  the  year  eadinK  December  31, 1888.  Some  miimportant 
in  the  averAse  of  mnaeot  peraonal  obeervmtionB  made  thronghoat  the  day.  The  total  moTement  of 
tained  if  deeired.    All  obaenrations  haTo  beea  made  at  8  a.  m.  and  8  p.  m.,  eeTentT.flfth  meridian  time. 

Beferenoes:  Larffe  H  repreaente  the  height  of  the  barometer  above  sea  leTcd ;  T  and  vmall  A,  tba 
daya  are  those  haying  .01  of  an  inch  or  more  of  precipitation. 

ABILENE,  TEX. 


[Lat.  330  U'  T) 
1 

r. ;  long.,  990  45*  W.] 

Preaanre. 

Temperati 

nie. 

Dew 
point. 

Belative 

hamid- 

ity. 

Precipita- 
tion. 

• 

1 

Mean. 

• 

e 

a 
9 

a 

g 

• 

s 

• 

a 

• 

• 

a 

P4 

1 

a 
a 

a 
a 

.4.4 
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0 

a 

a 

• 

a 
a 

a 

*m9 

a 

. 

c3 

• 

a 
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P4 

a 
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a 

« 
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•0 

a 

• 

H 

4 
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^ 
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00 
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00 
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0 
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s 

^ 
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00 
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00 

00 
Is 

In. 

s 

1889. 

In. 

In, 
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In. 

Jan . . 

28.26 

.•75 

37.4 

45.9 

43.3 

73 

23 

52.1 

34.5 

34 

39 

§7 

2.1  A 

1,23 

Feb.. 

2H.30 

.90 

37.8 

50.5 

45. 9 

80 

14 

56.4 

35.4 

33 

41 

85 

72 

2.  est 

2.14 

Mar.. 

28.20 

.87 

46.3 

58.9 

54.6 

83 

32 

64.6 

44.5 

42 

49 

85 

71 

1.07 

.  5:1 

Apr.. 

28.17 

.67 

5^.3 

73.2 

66.4 

88 

42 

77.6 

55.2 

51 

57 

80 

58 

.71 

.24 

May  . 

28.16 

.70 

64.6 

76.3 

71.5 

94 

42 

81.6 

61.4 

58 

56 

78 

52 

2.93 

1.02 

Jane. 

28.17 

.55 

69.1 

79.6 

74.9 

94 

.58 

83.9 

65.9 

64 

65 

86 

62 

6.36 

1.92 

July  . 

28.18 

.37 

74.8 

85.8 

80.2 

98 

64 

88.8 

71.6 

68 

67 

80 

56 

1.80 

.56 

Aug.. 

28.22 

.28 

71.9 

88.1 

80.9 

100 

&3 

91.6 

70.2 

64 

60 

76 

39 

.21 

.21 

Sept. 

28.21 

.76 

62.7 

74.1 

69.8 

96 

43 

78.8 

60.7 

58 

58 

85 

59 

3.03 

1.22 

Oct  .. 

28.26 

.61 

56.5 

68.0 

65.2 

90 

42 

76.0 

54.5 

51 

50 

83 

56 

1.22 

L12 

Nov.. 

28.32 

.78 

40.3 

51.0 

47.8 

74 

26 

58.0 

37.7 

34 

34 

79 

55 

2.54 

1.10 

Dec. 

28.29 

.70 

52. 2 

62.0 

59.6 

78 

24 

69.1 

50.1 

47 

48 

84 

61 

T. 

T. 

Year. 

28.23 

0.66 

55.9 

67.8 

63.3 

100 

14 

73.2 

53.5 

50 

58 

82 

60 

25.23 

ALBANY,  N.  Y. 
[Lat,  4SPWS.;  long.,  T3P  46<  W.] 


Jan.. 

Feb.. 

Mar.. 

Apr.. 

May 

Jane. 

July 

Auk- 

Sept 

Oct. 

Nov.. 

Dec. 

Year. 


29.92 

1.48 

27.4 

31.8 

31.0 

62 

(> 

37.6 

24.4 

23 

26 

84 

80 

2.82 

30.02 

1.48 

17.6 

22.2 

20.4 

43 

—  5 

27.4 

13.5 

12 

16 

80 

77 

1.81 

29.82 

1.40 

33.0 

36.7 

36.6 

65 

19 

43.9 

29.3 

27 

31 

80 

81 

1.76 

29.90 

1.21 

46.0 

50.9 

50.0 

80 

30 

60.1 

40.0 

39 

42 

78 

72 

1.25 

29.86 

.70 

58.8 

62.7 

60.8 

92 

36 

73.0 

51.4 

51 

54 

75 

73 

3.32 

29.92 

.89 

64.7 

68.9 

68.4 

48 

47 

77.5 

59.4 

59 

6:^ 

83 

82 

6.43 

29.88 

.61 

70.0 

72.2 

72.5 

89 

54 

80.9 

64.1 

64 

65 

82 

80 

4.19 

29.98 

.65 

65.1 

68.9 

69.8 

88 

51 

80.3 

59.4 

60 

62 

84 

79 

3.63 

29.97 

.93 

60.2 

62.9 

64.2 

86 

42 

72.6 

55.7 

55 

56 

84 

79 

3.68 

29.98 

.97 

43.5 

46.5 

48.7 

71 

28 

57.9 

39.5 

38 

40 

80 

79 

^48 

29.99 

1.29 

39.6 

41.8 

43.2 

62 

20 

50.4 

36.0 

36 

37 

86 

83 

5.00 

30.06 

1.39 

31.8 

35.0 

35.0 

66 

6 

42.5 

27.6 

26 

30 

81 

81 

2.14 

29.94 

1.08 

46.5 

50.0 

50.0 

92 

—  5 

58.7 

4L7 

41 

44 

81 

79 

39.51 

.78 

.48 

.68 

.32 

2.10 

1.94 

1.14 

1.5S2 

.88 

.84 

1.38 

.60 
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APPENDIX 


data  bentofora  inblltbed  b*re  been  omlMfld  foi  l>ek  of  tptct.    Tbe  nieui  olandliien.  h  kItsd  bslaw, 
wltMl,  In  milu,  bu  beto  mplM«d  bT  (be  BTenn  hoDTly  nlosliy,  rram  wbteb  the  tanner  can  be  ob- 

. ....  ..—J. v._  .1.-  -.„„„  „ru,e  ^E»  contained  In  Ibo  «o1amns  ImmsdiaU-lf  nndemuth. 

ra  uid  nlD'gsnga  abore  groond.     tAddlUonnl  dlreolionn.     Rainy 

ABILENE,  TEX. 

\a=i.iK.  T=ei.  hsita.] 


Mfty' 
Sept 


ALBANV,  N.  Y. 
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Monthly  and  Ysakly  BIbtbroloqical  Summaries— Continned. 

ALPENA,  MICH. 

[Lat.,  49>  fi'  N.;  Long.,  830  3'  W.) 


Pressure. 

Temperature. 

Dew- 
point. 

Relative 
humid- 
ity. 

Pfecipito- 

tiOB. 

• 

1 

• 

be 

a 

a 

* 

a 

« 
eB 

a 

• 

P4 

'd 
a 

eB 

h 

BO 

OB 

« 

a 

a 

a 

s 

• 

a 

a 

*s 

Mean. 

■ 

a 

eB 

• 

a 

a 

• 
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a 

« 
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0 
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o 
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• 
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a 

a 

*M 

eB 

• 

a 

a 

a 

a 

H 

eS 

s 

S 

In, 

00 

X 

1^ 
o 

o 

o 

o 

o 

00 

o 

00 

o 

00 

00 

H 

:g 

1889. 

In. 

O 

o 

In. 

/«. 

^an  .. 

29.28 

1.74 

22.6 

25.9 

24.4 

46 

4 

29.4 

19.5 

20 

23 

3.26 

1.01 

Feb.. 

29.39 

1.24 

9.8 

15.7 

12.7 

36 

—14 

20.1 

5.3 

6 

11 

82 

88  2.33 

0.G2 

Mar.. 

29.31 

.77 

28.2 

32.6 

31.4 

56 

12 

37.7 

25.0 

22 

26 

80 

76  0.21 

0.10 

Apr.. 

29.3:1 

1.01 

37.8 

41.0 

40.4 

68 

21 

48.1 

32.7 

32 

3:^ 

81 

74  1.55 

0.84 

May  . 

29.28 

.57 

49.0 

49.8 

49.6 

91 

26 

58.6 

40.5 

40 

40 

74 

73 

3.81 

0.90 

Jnne. 

29.30 

.84 

64.3 

57.7 

55.6 

84 

41 

62.9 

48.4 

50 

50 

87 

77 

4.61 

1.40 

July  . 

29.30 

.67 

64.1 

66.1 

64.8 

91 

46 

73.1 

56.6 

56 

57 

78 

74 

2.04 

0.80 

Aug.. 

29.:38 

.61 

61.0 

65.3 

63.7 

89 

42 

72.4 

55.0 

54 

56 

80 

72 

2.02 

0.84 

Sept  . 

29.32 

.92 

55.0 

58.3 

57.2 

84 

32 

65.4 

49.1 

51 

52 

86 

80 

2.84 

0.71 

Oct.. 

29.46 

1.05 

38.0 

41.9 

40.5 

62 

20 

46.9 

34.1 

32 

3:) 

82 

78 

L70 

LOO 

Nov.. 

29.36 

1.18 

32. 6 

35.8 

34.9 

r>8     14 

39.9 

29.9 

29 

30 

89 

84 

4.06 

LIO 

Dec. 

29.36 

1.20 

30.5 

32.1 

31.3 

52 

10 

37.0 

25.6 

28 

29 

89 

88  2.90 

1.06 

Year. 

29.34 

0.98 

40.2 

43.5 

42.2 

91 

—14 

49.3 

35.1 

35 

37 

83 

7831.32 

FORT  AS8INN1B0INE,  MONT. 

[Lat.  480  sy  N. ;  Long.,  109©  42'  W.l 


Jan  . 

Feb.. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept 

Oct  . 

Nov. 

Deo  . 

Year. 


27.18 

.77 

1L5 

17.5 

14.8 

51 

—21 

24.4 

5.1 

5 

8 

74 

68 

27.25 

.92 

16.1 

25.1 

21.8 

62 

—22 

31.6 

12.1 

9 

16 

74 

67 

27.18 

.87 

28.0 

45.9 

38.3 

70 

5 

50.3 

26.3 

20 

25 

73 

48 

27.14 

.91 

38.1 

60.7 

50.4 

81 

23 

64.3 

36.4 

26 

21 

62 

23 

27.10 

\90 

43.0 

60.3 

52.0 

87 

29 

63.5 

40.6 

34 

31 

73 

40 

27.12 

.64 

52.4 

72.8 

62.6 

98 

39 

76.3 

48.9 

40 

33 

64 

27 

27.18 

.56 

55.1 

74.7 

64.9 

91 

41 

77.2 

52.6 

45 

44 

72 

36 

27.12 

69 

52. 9 

78.0 

66.2 

99 

41 

82.5 

50.0 

38 

40 

60 

27 

27.16 

.72 

42.7 

(y^A 

53.1 

87 

22 

66.6 

39.6 

31 

30 

67 

33 

27.20 

•68 

36.8 

53.7 

49.0 

89 

21 

64.3 

3:^8 

27 

29 

69 

44 

27.22 

.89 

24.3 

32.0 

29.  C 

63 

—14 

40.7 

17.4 

14 

19 

68 

62 

27.02 

.80 

17.1 

18.6 

18.4 

50 

—16 

27.0 

9.8 

10 

12 

77 

78 

27.16 

0.78 

34.8 

50.1 

43.4 

99 

—22 

55.7 

31.0 

25 

26 

69 

46 

.26 
..45 

.81 

.31 
3.15 

.24 
3.22 


.14 

.28 

.32 

.29 

La7 

.11 

L43 

10 

33 

I  T 
.26  .14 
.38     .18 


.lOI-    . 

4- 


9.75 


ATLANTA,  GA. 
[Lat..  330  45/  K. ;  Long.,  84"  33'  W.] 


Jan  .. 

28.88 

.89 

38.9 

45.7 

43.8 

66 

18 

51.0 

36.7 

82 

32 

78 

68 

6.39 

L39 

Feb.. 

28.98 

.«> 

35.6 

43.7 

41.5 

75 

14 

49.9 

33.1 

31 

28 

84 

57 

5.28 

L67 

Mar.. 

28.78 

.86 

44.6 

55.3 

52.0 

78 

28 

6L4 

42.7 

39 

35 

82 

49 

2.49 

L29 

Apr  .. 

28.82 

.61 

55.8 

65.8 

62.4 

80 

34 

72.9 

5L8 

47 

42 

74 

46 

2.54 

L26 

May  . 

28.85 

.55 

62.2 

70.9 

68.2 

90 

41 

79.4 

57.0 

51 

48 

68 

47 

3.16 

2.% 

June  . 

28.90 

.42 

68.1 

74.6 

73.2 

90 

39 

82.3 

64.1 

61 

62 

78 

68 

5.03 

L43 

July  . 

28.86 

.35 

73.8 

79.0 

78.5 

95 

64 

87.0 

70.0 

69 

70 

86 

74 

8.8:i 

2:45 

Aug.. 

28.94 

.28 

69.4 

73.9 

74.2 

89 

60 

82.1 

66.3 

65 

66 

86 

77 

«.rrf 

L80 

Sept  . 

ti8.88 

.67 

64.1 

7L1 

70.0 

92 

45 

79.0 

60.9 

60 

60 

86 

69 

6.32 

3.43 

Oct  - 

28. 90 

.  53 

52.8 

62.1 

60.2 

81 

37 

70.3 

50.1 

47 

46 

81 

58 

2.21 

L33 

Nov.. 

'2S.  9-J 

.88 

46.2 

52.2 

51.6 

72 

23 

59. 2 

44.1 

41 

4« 

82 

69 

5.17 

L21 

Dec 

29. 05 

.4(5 

50.7 

58.3 

57.2 

72 

29 

e.'i.S 

48.8 

46 

47 

85 

69 

.60 

.41 

Year. 

28.90 

0.61 

55. 2 

62.7 

01.1 

95 

14 

70.0 

52.1 

49 

48 

81 

62 

54.75 

EBPOBT  OF  THE  CHLEK  SIGNAL   OFPICEB. 

Monthly  and  Ykably  HBrBBOLooiCAL  Sdiuiakiks— Coutioaed. 
ALPENA,  MICH. 


FOEl 

A8SINNIB0INE.  MONT. 

1H=19B0.    T=1B.    *=a.] 
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8W. 

SW. 

. 

1 

4 

:    w 

„ 

3 

. 

.> 

n 

i         K 

0 

0 

0 

Feb.. 

i.4;11.572 

NW. 

sw. 

3 

!    n 

11 

a 

8 

15 

t          IB 

0 

0 

0 

M>r.. 
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1 

12 
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0 
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1 
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12 

0 

2 

0 
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!).a40'  8W. 
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11 

1      13 

ll 

0 

4 

16 

f          0 

2 

2 

0 
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8.r 
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1 

10 
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i 

0 

25 

2 
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3 

0 

0 
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1 

3 

'    i\ 

15 

12 

0 

7 

14 

<          4 

0 

0 

0 
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4.0i 

9.9 
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8W. 

1 

14 

11    io 

9 

1 

12 

5 

i         13 

0 

0 

0 

Nov.. 

4.0 

l«.B 

48   8W. 

SW. 

3 

10 

0 

1 

<     i7 

10 

S 

0 

IB 

8 

I         16 

0 

0 

0 

Dm.. 

4.5 

12.0 

40    W. 

8W. 

0 

u 

4 

2 

:    29 

G 

4 

2 

11 

5 

f       to 

0 

0 

2 

Yew. 

4.7 

11.0 

8W. 

23 

u 

93 

37 

ii81-237 

112 

85 

8126 

102 

I3G 

6;      w 

7 

5 

IS  4 

i  V 

I  1 

fc: 

3.2 
2.4 

>l 

Jnly  . 

{  !S 

«.S 

!.:■ 

f.,f 

1  .- 

K.I 

1  ^ 

K  1 

Nov.. 

( r 

til  -. 

Dec- 

4.6 

7.; 

Year. 

4.8 

8.t 
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Monthly  and  Yearly  Meteorological  Summaries— Continaed. 

ATLANTIC  CITY,  N.  J. 
ILat.  800  22^  K.;  Long.,  14f>  W  W.] 


Preesnre. 

f    ■ 

Teroperatare. 

Dew 

point. 

Relative 

hnmid- 

ity. 

Precipita- 
tion. 

• 

• 

a 

b(D 

ft 

a 

• 

a 

1 

• 

a 
a 

• 

a 

s 

a 

Mean. 

• 

a 

• 

a 

a 

• 

a 

• 

c 

0 
o 

a 

5 

a 
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a 

3 
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a 
o 

3 
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• 
OB 

• 

04 
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o 

• 

• 
0« 

• 
es 

04 

"o 

a 

S 

la 

M 

00 

to 

la 
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o 

s 
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00 
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00 

o 

00 

00 

H 

s 

1889. 

In. 

In, 

o 

o 

o 

0 

0 

In. 

In. 

Jan  .. 

30.01 

1.43 

35.4 

38.9 

37.6 

52 

19 

44.1 

3L1 

31 

34 

4.46 

1.06 

Feb.. 

30.12 

1.37 

27.9 

31.2 

29.5 

48 

2 

36.5 

22.5 

20 

25 

73 

78 

2.32 

.96 

Mar.. 

29.86 

1.24 

38.1 

40.2 

38.8 

60 

27 

44.5 

33.2 

32 

33 

80 

76 

4.58,  1.82 

Apr.. 

29.92 

1.21 

47.6 

49.4 

48.6 

70 

32 

54.7 

42.4 

41 

44 

79 

82 

2.92!    .94 

May. 

29.94 

.73 

57.6 

58.5 

59.0 

89 

41 

65.5 

52.5 

52 

55 

81 

88 

2.62 

.72 

June. 

30.00 

.76 

65.6 

65.4 

66.2 

88 

50 

71.2 

6L2 

61 

62 

86 

89 

3.13 

1.30 

July  . 

29.95 

.58 

70.7 

71.5 

71.8 

88 

56 

76.5 

67.0 

66 

67 

86 

87 

A.rn^ 

1.33 

Aug.. 

30.03 

.49 

68.4 

68.2 

69.3 

84 

57 

74.8 

63.8 

63 

64 

84 

86 

1.93 

1.39 

Sept  . 

29.97 

.76 

63.9 

65.0 

64.4 

82 

45 

69.7 

59.0 

60 

60 

87 

So 

3.17 

1.02 

Oct.. 

29.98 

.79 

50.5 

53.2 

51.8 

71 

37 

57.5 

46.1 

45 

47 

82 

81 

3.02 

.90 

Nov.. 

30.04 

1.27 

45.2 

47.8 

47.0 

64 

25 

52.6 

41.5 

41 

42 

84 

81 

5.77 

2.94 

Dec.. 

30.14 

L21 

40.6 

44.5 

43.6 

68 

22 

50.5 

36.7 

36 

38 

84 

78 

.25 

.08 

Year. 

30.00 

0.99 

51.0 

52.8 

62.3 

89 

2 

58.2 

46.4 

46 

48 

83 

8338.83 

AUGUSTA,  GA. 

Il4fct,  380  28*  N. !  Lonjc.,  JBI©  54'  W.] 


Jan  .. 

29.92 

.92 

41.4 

48.8 

47.6 

70 

24 

56.3 

:i9.o 

37 

41 

«> 

74 

a92 

1.98 

Feb.. 

30.04 

■  99 

39.3 

46.9 

45.6 

78 

20 

55.0 

36.3 

32 

35 

78 

65 

5.78  2.37 

Mar.. 

29.80 

1.02 

47.7 

56.6 

54.8 

80 

31 

65.0 

44.6 

42 

44 

82 

66 

2.72i 

1.28 

Apr.. 

29.83 

.72 

58.5 

66.1 

64.6 

87 

37 

77.0 

52.3 

51 

52 

76 

63 

2.71 

L56 

May  . 

29.84 

.59 

67.5 

74.4 

72.6 

99 

45 

86.5 

58.8 

58 

58 

71 

58 

1.02 

0.81 

June. 

29.90 

.46 

73.6 

77.3 

78.1 

98 

46 

88.9 

67.3 

67 

67 

81 

71 

4,02 

L87 

July  . 

29.86 

.38 

77.5 

80.6 

82.0 

100 

66 

9L3 

72.8 

72 

72 

85 

77 

10.10 

3.93 

Aug.. 

29.94 

.32 

73.0 

75.9 

77.8 

95 

61 

86.6 

68.9 

70 

70 

88 

82 

8.68  3.32 

Sept  . 

29.88 

.60 

68.4 

73.8 

74.6 

94 

49 

84.9 

64.2 

64 

66 

as 

78 

2.43   1.90 

Oct  .. 

29.92 

.61 

54.0 

6L9 

62.8 

88 

36 

76.1 

49.5 

49 

53 

85 

78 

1.59 

1.34 

Nov.. 

29.96 

.90 

50.4 

55.1 

56.0 

79 

24 

as.  5 

46.5 

46 

48 

86 

76 

2.73 

1.26 

Dec. 

30.09 

.58 

47.2 

57.0 

57.4 

78 

26 

69.7 

45.2 

45 

50 

92 

79 

0.55 

0.54 

Year. 

29.92 

0.67 

58.2 

64.5 

64.5 

100 

20 

75.2 

53.8 

53 

65 

83 

72 

49.25 

BAKER  CITY,  OREGON. 

TLat,  440  MH  K. ;  Long.,  117o  W  W.] 


Jan  .. 

Feb.. 

Mar.. 

Apr .. 

May  . 
Jnne . 

Jnly* 
Aug.. 
Sept  . 
Oct .. 
Nov.. 
Dec 

Year . 

26.44 
26.45 
26.54 
26.48 
26.59 
26.-36 

.42 

.54 
.66 
.74f 
.90 
.74 

59.3 
52.4 
42.1 
41.8 
28.5 
20.2 

a3.9 
78.4 
67.0 
56.9 
38.9 
27.9 

71.5 

m.o 

54.8 
51.1 

:56.2 

26.1 

95 
95 
83 
85 
56 
49 

51 
37 
27 
29 
10 
2 

88.0 
83.5 
70.9 
62.3 
45.2 
33.8 

55.0 
48.6 
38.6 
39.6 
27.1 
18.4 

40 
38 
25 
32 
22 
15 

42 

45 
33 
38 
27 

20 

51 
•59 
52 
71 
77 
80 

24 
33 
31 
55 
64 
72 

T.t 

T. 

0.19 

1.46 

LOS 

L44 

T.t 

T. 

0.15 

0.38 

0.46 

0.46 

, 

*  All  data  for  July,  except  precipitatloii,  ar«  for  32  days  only. 


f  DaU  for  81  daya. 
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Jan  ., 

Feb . 

Mur. 

Apr . 

May 

June 

Jnly 

Aug. 

Sept 

Oct  . 

Nov.. 

Dec. 

Year. 


Monthly  and  Yearly  Mbtbobological  SuMSiARiES—Continned. 

ATLANTIC  CITY,  N.  J. 
[H=58.    JP=68.    A=57.J 


• 

1 

Wind. 

Number  of  days. 

t 

•mm 

a 

'5 

• 

• 

% 

1 

• 

• 

§ 

8 

•a 

s 

"3 

¥ 

a 
B 

• 

c 
o 

•■■■ 

08 

* 
S3 

j4 

• 

1 

• 

• 

xi 

• 

a 

o 

0 

1 

'9 

a 

S 
o 

^ 

• 

1 

1 

0 

9 

> 

1 

• 

00 

1 

a 
o 

:3 

8 

o 
3.5 

< 

48 

s 

> 

£ 

'A 
6 

o 
7 

s 

1 

a 
o 

3 

4^ 

§ 

QQ 

7 

4» 

0 

9 

s 

18 

1 

11 

8 
O 

12 

(I4 

B 
0 

a 
& 

6 

0 

m 

19 

8 
0 

P 

0 

< 

Jan  .. 

10.7 

NE. 

w. 

12 

7 

0 

Feb.. 

4.6 

10.7 

32 

W. 

w. 

8 

5 

4 

3 

4 

3 

17 

1-' 

0 

6 

14 

8 

7 

7 

24 

0 

0 

0 

Mar.. 

4.6 

13.3 

36 

NE. 

NE. 

9 

13 

0 

3 

5 

8 

10 

10 

4 

11     7 

13 

11 

0 

10 

0 

0 

0 

Apr.. 

5.8 

14.6 

53 

NE. 

SW. 

7 

10 

6 

3 

8 

15 

3 

7 

1 

9i     9 

12 

14 

0 

0 

0 

2 

0 

May  . 

4.2 

10.6 

50 

NW. 

NW. 

4 

510 

9 

9 

11 

3 

11 

0 

12   10 

9 

13 

0 

0 

0 

1 

0 

Jane. 

6.6 

11.2 

46 

SE. 

SW. 

1 

7 

6 

4 

6 

24 

5 

7 

0 

1 

21 

8 

10 

0 

0 

0 

2 

0 

July . 

5.6 

10.6 

31 

NW. 

8. 

6 

2 

2 

6 

20 

12 

7 

7 

0 

11     6 

14 

15 

0 

0 

0 

0 

0 

Aug.. 

4.5 

10.7 

31 

NE. 

SW. 

4 

14 

4 

0 

7 

20 

5 

8 

0 

12 

11 

8 

7 

0 

0 

0 

1 

0 

Sept  . 

5.7 

14.4 

72 

NE. 

NE. 

1 

11 

7 

4 

9 

8 

9     9 

2 

7 

13 

10 

11 

0 

0 

0 

0 

0 

Oct  .. 

5.6 

13.3 

48 

NE. 

N. 

15 

9 

1 

3 

7 

11 

4!  10 

2 

12 

5 

14 

14 

0 

0 

0 

0 

0 

Nov.. 

5.6 

11.7 

35 

SE. 

W. 

8 

0 

6 

7 

4 

8 

16 

11 

0 

8 

9 

13 

13 

0 

5 

0 

0 

0 

Dec. 

4.7 

11.8 

48 

W. 

SW. 

9 

1 

4 

2 

7 

17 

8 

14 

0 

12 

9 

10 

7 

1 

7 

0 

0 

0 

Year  . 

5.1 

12.0 

SW. 

78 

84 

51 

47 

9:M46 

105 

117 

9 

113 

126 

126 

128 

8 

65 

0 

6 

0 

AUGUSTA,  GA. 

[J5r=183.    It=46.    A=40.] 


6.2 
5.6 
4.6 
2.9 
2.7 
6.4 
6.3 
7.0 
4.1 
2.6 
5.0 
3.1 

4.7 


4.4 

28 

W. 

W. 

5 

7 

5 

2 

5 

5 

21 

5.1 

25 

NE. 

W. 

7 

5 

4 

1 

6 

5 

19 

4.7 

30 

N. 

w. 

10 

5 

6 

5 

4 

7 

18 

4.7 

31 

N. 

w.  • 

7 

6 

2 

9 

6 

6 

11 

3.9 

20 

W. 

w. 

2 

1 

1 

5 

8 

7 

19 

4.0 

26 

N. 

SE. 

3 

5 

6 

17 

7 

3 

7 

3.5 

19 

SE. 

SE. 

4 

9 

4 

1511 

9 

5 

2.9 

19 

N. 

NE. 

6 

14 

3 

1011 

2 

4 

2.8 

17 

SW. 

SE. 

3 

6 

4 

15 

3 

3 

6 

3.0 

27 

N. 

W. 

10 

1 

3 

4 

3 

2 

11 

4.4 

20 

S. 

w. 

0 

9 

5 

6 

3 

8 

14 

2.5 

20 

NE. 

w. 

3 

3 

3 

0 

6 

11 

14 

3.8 

•  • 

w. 

60 

71 

46 

89 

73 

68 

149 

7 

5 

6 

3 

() 

1 

7 

6 

15 

4 

9 

3 

1 

4 

3 

9 

7 

13 

i 

21 

3   12 

2|  20 

73101 


8 

8 

14 

17 

18 

5 

9 

() 

12 

21 

13 

20 

151 


9 

14 

10 

10 

10 

9 

9 

8 

7 

8 

5 

5 

9 

4 

3 

13 

12 

10 

8 

14 

13 

8 

17 

15 

11 

7 

6 

8 

2 

3 

6 

11 

7 

7 

4 

3 

06 

108 

91 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


7 
6 
1 
0 
0 
0 


0 
0 
0 
0 
13 
16 

018 

0 

0 

0 

2 


3 


19 


6 
6 
0 
0 
0 

59 


0 
3 
1 
2 
0 
3 
7 
1 
0 
1 
0 
0 

18 


BAKER  CITY,  OREGON. 

lfl=3,52e.    21=49.    *=38.1 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


Jan  .. 
Feb.. 
Mar.. 
Apr.. 
May  - 

«  «  *  • 

•  «    «    V 

•  •  •  • 

.. 

•  a    « 

•  •    • 

-- 

Juno. 
Jnly  . 
Aug.. 
Sept  , 
Oct  .. 
Nov.. 
Dec. 

Year . 

2."i 

1.1 

1.8 
6.3 
5.7 
6.4 

6.9 
6.5 
7.1 
6.4 
5.8 
6.3 

24 
26 
21 
26 
24 
30 

N. 
NW. 

NW. 

S. 

NW. 

SE. 

SE. 
SE. 
SE. 
SE. 
SE. 
SE. 

5 
2 
5 
1 
3 
0 

6 

1 
1 

2 

1 

0 

0 
0 
1 
1 
1 
0 

21 

26 
27 
28 
34 
44 

2 
7 
1 

•20 
4 
4 

0 
1 
5 
2 
3 
1 

0 
1 
0 
0 

I 

0 

17 

22 

19 

4 

8 
5 

0 
2 
1 
4 
5 
8 

is 

24 

7 
6 

7 

4 

2 

10 

12 

10 

1 
3 
4 

14 
11 
15 

"0 

0 
4 

17 
10 
14 

0 
0 
0 
0 
0 
14 

• 

0 
0 
5 
1 
25 
27 

8 
5 
0 
0 
0 
0 

0 
1 
0 
0 
0 
0 

6 
0 
0 
0 
0 
0 

t 

^ 

11945— SIO  90< 


20 
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Monthly  and  Yearly  MBTBOROLoaiCAi<  BuiUharibs — Continued. 

BALTIMORE,  MD. 

[L»t.,  890  la*  N. ;  Long.,  7«o  87'  W.J 


Pressure. 

Temperat 

ure. 

Dew- 
point. 

Relative 
humid- 
ity. 

Precipita- 
tion. 

• 

• 

a 

• 

o 

s 

• 

S 

• 

OS 

• 

a 

• 

ean  (max.  and 
min.). 

a 

0 

a 
8 

• 

a 

0 

a 
a 

Mean. 

• 

a 

• 

01 

• 

a 

• 

• 

a 

• 

a 

• 

• 

0 

■ 

0 

a 

■ 

a 
a 
8 

• 

a 

0 

a 

a 

ax.  in  24 

2 

P4 

00 

00 

a 

0 

o 

s 

§ 

00 

o 

00 
0 

00 

00 

H 

55 

IJ?89. 

/». 

o 

O 

o 

o 

o 

% 

17 

In, 

In. 

Jail .. 

29. 98 

L38 

35.6 

39.6 

38.9 

60 

20 

44.8 

as.o 

28 

29 

74 

4.22 

L20 

F.^U.. 

:jo.  10 

L31 

27.0 

31.8 

30.8 

48 

3 

36.8 

24.8 

17 

19 

69 

60 

2.53,  L18 

M:ir.. 

29. 86 

LIO 

40.0 

45.7 

43.4 

68 

28 

50.7 

36.0 

29 

31 

66 

59 

5.71 

2.71 

A;u*.. 

29. 89 

1.17 

51. 3 

56.7 

54.6 

80 

34 

62.7 

46.6 

40 

42 

67 

63 

8.70 

3.58 

M  ly  . 

29. 90 

.65 

63.1 

66.8 

65.8 

93 

43 

75.0 

56.7 

52 

55 

68 

68 

6.8i 

2.20 

.JlUIO. 

29. 96 

.76 

69.1 

72. 3 

7L5 

91 

52 

79.0 

64  0 

60 

62 

TA 

72 

6.17   L32 

July  . 

29. 90 

.56 

74.6 

76.8'  76.6 

93 

61 

83.7 

69.6 

66 

67 

75 

74ln.03,  4.02 

Aug.. 

30.00 

.52 

70.2 

74.6 

73.8 

90 

58 

82.1 

6.).  6 

61 

64 

73 

71 

LIO,    .45 

8ept  . 

29. 96 

.76 

64.2 

66.1 

66.5 

84 

46 

73.5 

59.5 

57 

59 

78 

77 

4.59:    .86 

Oct  .. 

29.96 

.81 

50. 5 

54.5 

53.8 

82 

34 

60.9 

46.6 

41 

42 

72 

65 

4. 12i  1. 24 

Nov.. 

30.01 

1.19 

45.0 

47.8 

47.7 

70 

28 

53.9 

41.5 

38 

39 

77 

73 

6.45   L64 

Dec. 

30.10 

1.19 

4L0 

46.5 

46.0 

73 

%\ 

54.1 

37.9 

32 

35 

73 

67 

.61     .23 

1 

Year  . 

29.97 

0.94 

52.6 

56.6 

55.8 

93 

3 

63.1 

48.5 

43 

45 

72 

6862.35 

BISMARCK,  N.  DAK. 
[Lat.,  400  47#  if.-.  Long.,  lOQo  88'  W.] 


Jan . . 

28.22 

L06 

10.0 

17.5 

14.7 

46 

-18 

24.8 

4.6 

8 

13 

90 

82 

0.50 

0.18 

Fob . . 

28.29 

L29 

5.5 

13.1 

10.7 

48—34 

20.5 

0.9 

3 

9 

91 

85 

L4a 

0.74 

Mar.. 

28.27 

.77 

25.9 

40.7 

36.2 

69 

4 

48.4 

23.9 

22 

22 

87 

53 

0.55 

0.42 

Apr.. 

28.22 

.97 

38.9 

.5(5. 7 

48.9 

85 

20 

62.6 

a5. 2 

30 

28 

73 

36 

0.2G 

0.11 

May  . 

28. 14 

L39 

4.5.5 

59.3 

52.4 

81 

22  63.9 

4L0 

39 

42 

80 

61 

3.35 

L35 

.June . 

28.16 

.66 

56.9 

74.4 

65.0 

97     42 

77.9 

52.0 

52 

58 

85 

58 

L03 

0.42 

July  . 

28. 16 

.59 

6L7 

75.8 

()8.7 

95 

48 

80.1 

57.4 

58 

62 

88 

64 

2.01 

0.69 

Auj?.. 

28. 16 

.71 

59.9 

80.0 

70.3 

102     44 

84.8 

55.8 

55 

62 

86 

.54 

0.  .53 

0.31 

Sept  . 

28. 15 

.86 

46.5 

60.1 

55.8 

93     26 

68.8 

42.9 

43 

.50 

88 

71 

0.48 

0.16 

Oct  .. 

28. 30 

.81 

36.7 

5L6 

47.4 

86 

23 

60.6 

34.1 

33 

42 

88 

72 

T 

T 

Nov.. 

28. 28 

L04 

18.5 

30.2 

26.4 

63 

—12 

38.4 

14.3 

15 

25 

87 

81 

0.15 

0.15 

Dec. 

28.15 

.95 

13.3 

18.3 

16.0 

42 

—  6 

26.1 

6.0 

9 

13 

83 

80 

0.69 

0.f» 

Year  . 

28.21 

0.92 

34.9 

48.1 

42.7 

102 

—34 

54.7 

30.7 

31 

36 

86 

66 

n.03 

BLOCK  ISLAND,  R.  I. 

[L»t,  410  W  N. ;  LoDff.,  710  W  W.] 


Jan  . . 

29.99 

1.49 

35. 6 

37.5 

36.1 

56 

10 

40.9 

3L3 

29 

32 

79 

82 

2.16 

.54 

Feb.. 

30.08 

L46 

26.7 

28.8 

27.0 

48 

2 

32.3 

2L7 

20 

24 

78 

84 

L57 

.35 

Mar.. 

29.84 

L42 

36.1 

37.7 

37.2 

49 

24 

4L6 

32.8 

30 

32 

80 

82 

2.30 

.72 

Apr.. 

29.96 

L21 

43.5 

45.1 

44.1 

58 

32 

48.8 

39.4 

39 

40 

85 

86 

2.10 

.90 

May  . 

2i).96 

.74 

53.3 

54.2 

53. 8 

70 

40 

59.4 

48.1 

49 

51 

87 

90 

3.21 

.  9d 

June . 

30. 02 

.89 

62.7 

62.4 

62.9 

76 

52 

67.9 

57.9 

59 

60 

90 

91 

2.84 

LOO 

July  . 

29.98 

.61 

67.1 

67.3 

67.6 

81 

57 

72.6 

62.7 

64 

64 

89 

91 

2.92 

L32 

Aug.. 

30. 0,5 

..59 

67.1 

67.1 

67.2 

80 

56 

7L  5 

63.0 

63 

63 

88 

88 

3.37 

L09 

Sept  . 

30. 02 

.89 

63.2 

6.3.3 

63.0 

74 

49 

67.0 

.58.9 

60 

60 

.  89 

90 

3.41 

.6^ 

Oct  .. 

30.00 

.81 

.51. 6 

52. 2 

5L2 

66 

36 

56.0 

46.5 

47 

47 

84 

84 

3.11 

LOO 

Nov.. 

30. 04 

1.30 

46.5 

47.3 

46.6 

62 

25 

5L4 

4L9 

40 

41 

78 

81 

4.86 

4.62 

Deo  .. 

30. 12 

L53 

4L3 

42.4 

4L4 

57 

18 

47.5 

35.2 

35 

35 

80 

78 

.95 

.26 

Year  . 

30.00 

LOs'  49.6 

1 

1 

50.4 

49.8 

81 

2 

.54.7 

45.0 

45 

46 

84 

8632.80 
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Monthly  and  Yearly  Mbtkorolooical  Summaribs— -ContinaecL 

BALTIMORE,  MD. 
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00 
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o 

§ 
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.§ 
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s 

0 
O 

O 
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<4J 
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1 

1 

0 

■4a 

s 
o 

3 

0 

'S 

8 
s 

• 

p 

s 

9 

1889. 

A 

Jan .. 

4.2 

5.3 

24 

NW. 

NW. 

6 

13 

1 

1 

4 

5 

12 

13 

7 

11 

8 

12 

12 

0 

13 

0 

0 

0 

Feb.. 

5.8 

5.7 

24 

NW. 

NW. 

7 

7 

2 

6 

4 

6 

8 

16 

0 

8 

8 

12 

11 

6 

22 

0 

0 

0 

Mar.. 

6.0 

7.2 

25 

NE. 

NW. 

7 

9 

4 

6 

6 

8 

6 

16 

0 

7 

14 

10 

13 

0 

4 

0 

0 

0 

Apr.. 

5.9 

7.6 

35 

NE. 

NE. 

8 

16 

2 

4 

5 

6 

7 

9 

3 

4 

17 

9 

16 

0 

0 

0 

2 

0 

May  . 

5.3 

5.6 

a5 

NW. 

NW. 

6 

6 

8 

10 

9 

2 

9 

10 

2 

8 

15 

8 

16 

0 

0 

1 

3 

0 

June. 

6.6 

5.4 

26 

S. 

8W. 

2 

10 

4 

5 

9 

15 

4 

10 

1 

4 

14 

12 

14 

0 

0 

1 

5 

0 

July- 

6.1 

5.3 

24 

N. 

NW. 

7 

5 

3 

9 

11 

11 

5 

11 

0 

7 

10 

14 

18 

0 

0 

3 

3 

0 

Aug.. 

4.3 

5.3 

18 

NE. 

SW. 

7 

19 

0 

1 

4 

20 

3 

8 

0 

12 

13 

6 

9 

0 

0 

0 

1 

0 

Sept . 

6.0 

7.1 

30 

N. 

NE. 

2 

18 

2 

4 

6 

10 

6 

12 

0 

^ 

8 

13 

17 

0 

0 

0 

0 

0 

Oct  .. 

5.9 

6.3 

24 

N. 

NE. 

7 

20 

3 

3 

3 

11 

2 

12 

1 

9 

9 

13 

12 

0 

0 

0 

0 

0 

Nov.. 

6.4 

5.3 

22 

NE. 

NW. 

7 

11 

4 

2 

7 

7 

6 

16 

0 

7 

8 

15 

16 

0 

4 

0 

0 

0 

Dec.. 

4.9 

6.0 

24 

W. 

SW. 

3 

13 

4 

6 

5 

18 

5 

11 

2 

14 

6 

11 

10 

0 

6 

0 

0 

0 

Year. 

5.6 

5.9 

•  •  • 

NE. 

b^ 

147 

37 

57 

73 

114 

73 

144 

16 

100 

130 

135 

164 

6 

49 

5 

14 

0 

BISMARCK. 

N. 

DAK. 

[H=l,681.    r=16.    fc=2.3 

Jan .. 

4.2 

9.6 

48 

NW. 

NW. 

5 

3 

6 

2  5 

7 

8 

21 

5 

7 

15 

9 

12 

19 

31 

0 

0 

0 

Feb.. 

5.6 

10.9 

56 

N. 

NW. 

6 

3 

5 

5 

3 

4 

6 

19 

5 

5 

15 

8 

8 

19 

27 

0 

1 

0 

Mar.. 

3.8 

9.3 

48 

NW. 

NW. 

7 

2 

10 

3 

9 

5 

3 

18 

5     9 

15 

7 

5 

3 

24 

0 

0 

3 

Apr.. 

4.0 

11.5 

70 

W. 

NW. 

4 

9 

3 

6 

5 

3 

2 

18 

lo;   8 

16 

6 

4 

0 

8 

0 

0 

0 

May  . 

5.0 

10.3 

42 

S. 

NE. 

5 

16 

4 

3 

8 

1 

12 

9 

4   10 

11 

10 

11 

0 

3 

0 

1 

0 
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4.4 

9.7 

46 

s. 

8. 

9 

5 

2 

7 

15 

1 

5 

15 

1   14 

11 

5 

11 

0 

0 

3 

0 

0 

July. 

4.9 

10.2 

36 

8. 

NW. 

10 

9 

9 

5 

7 

1 

4 

17 

0 

13 

10 

8 

13 

0 

0 

1 

2 

0 
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4.8 

10.4 

41 

NW. 

NW. 
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o 

6 

10 

10 

2 

2 

%\ 

2 

12 

13 

6 

4 

0 

0 

5 

0 

0 

Sept . 

5.2 

13.1 

46 

N. 

NW. 

7 

5 

4 

3 

5 

6 

13 

17 

0 

13 

6 

11 

6 

0 

2 

1 

0 

0 

Oct.. 

4.5 

10.1 

36 

NW. 

NW. 

6 

3 

7 

16 

7 

2 

0 

17 

4 

17 

6 

8 

0 

0 

15 

0 

0 

0 

Nov.. 

4.6 

8.7 

48 

NW. 

NW. 

7 

2 

1 

7 

3 

7 

5 

27 
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17 
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11 

29 

0 
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6 

8 

2 

20 

31 
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0 
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4.6 
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NW. 

79 

72 

62 

73 

81 

39 

62 

225 

37 
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129 

94 

77 

72 

170 

10 

4 

3 

BLOCK  ISLA.ND,  R.  L 


Jan  .. 

4.4 

18.6 

70 

E. 

NW. 

3 

9 

5 

2 

1 
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12 

8 

11 

11 
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13 

0 

0 

0 
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44 
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6 

8 

3 

3 

3 

3 

9 

20 

1 

8 

11 

9 

10 

11 

26 

0 

0 

0 
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5.6 

23.4 
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NE. 

1 

20 

4 

2 

3 

8 

6 

16 

2 

11 

5 

15 
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0 
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17.4 
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4 

10 

8 

12 
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0 

3 

0 

0 

0 

Dec 
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NW 
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5.2 

17.4... 

NW. 

29 

120 

GO 

47 

32 

144 

111163 

24 

110 
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144 
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15 

62 

0 
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M019TULY  A.ND  YEARLY  MSTBOROLOGICAL  SUBiMARIBS— ContiaaeU^ 

BOISE  CITY,  IDAHO. 

[Lftt.,  480  37'  N.  I  Long..  U6P  12'  W.] 


Prensnre. 
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In. 

Jan  .. 

27.34 

•  .90 

16.2 

27.2 

23.9 

47 

2 

35.3 

12.5 

12 

17 

84 

li8     .44'     .23 

Feb.. 

27.33 

.96 

25.1 

39.0 

34.8 

64 

10 

46.9 

22.6 

21 

24 

84 

58     .04 

.0:? 

Mar.. 

27.16 

.97 

41.7 

58.8 

50.2 

74 

30 

G1.9 

38.5 

31 

31 

68 

:^J,  1.03 

.55 

Apr.. 

27.14 

.75 

43.6 

65.6 

55.0 

84 

30 

68.4 

41.7 

34 

28 

69 

29 

1.72 

.77 

May  . 

27.09 

.77 

60.1 

67.9 

58.9 

92 

34 

71.0 

46.8 

40 

38 

69 

:J8 

2.76 

.04 

June. 

27.10 

.54 

56.0 

82.4 

68.9 

98 

45 

84.9 

52. 9 

:i8 

30 

52 

18 

.19 

.10 

July. 

27. 10 

.66 

58.5 

89.6 

73.8 

102 

44 

91.8 

55.8 

36 

33 

44 

14 

T 

T 

Ang.. 

27.09 

.57 

57.3 

86.4 

7-2, 4 

101 

44 

90.0 

54.8 

36 

39 

47 

19 

.41 

.21» 

Sept. . 

27. 22 

.75 

45.8 

71.8 

58.8 

88 

28 

74.7 

43.0 

26 

26 

48 

20 

.0*. 

.or, 

Oct .. 

27.19 

.83 

47.5 

62.6 

55. 8 

91 

30 

67.5 

44.2 

36 

34 

66 

39 

1.40 

.43 

Nov.. 

27.34 

.81 

3.3.0 

43.1 

40.2 

59 

23 

51.1 

29.4 

26 

27 

77 

56 

.86 

.25 

Dec . . 

27. 12 

.78 

;i2.o 

36.0 

34.1 

53 

12. 

39.6 

28.6 

26 

26 

80 

70 

2.04 

.41 

Year . 

27.18 

.77 

42.2 

60.9 

52.2 

102 

2 

65.3 

39.2 

30 

29 

66 

39 

10.95 

BOSTON.  MASS. 

[Lat.  420  21'  N. ;  LonR.,  71°  4'  W.] 


Jan  .. 

Feb.. 

Mar.. 

Apr.. 

May 

June 

July 

Ang. 

Sept 

Oct  . 

Nov. 

Deo. 

Year 


29.86 

1.50 

33.2 

36.7 

35.8 

60 

9 

29.94 

1.56 

23.9 

27.0 

26.0 

50 

—  1 

29.74 

1.53 

35.8 

39.0 

38.2 

64 

22 

29.85 

1.07 

47.0 

48.4 

47.8 

81 

32 

29.  a3 

.73 

59.2 

61.8 

60. 3 

91 

41 

29.88 

.91 

67.1 

68.3 

69.2 

87 

50 

29.86 

.62 

68.5 

68.9 

69.4 

86 

55 

29. 94 

.61 

65.5 

67.3 

67.4 

84 

52 

29.93 

.93 

60.5 

62.5 

62.8 

83 

43 

29.  iK) 

.88 

46.7 

49.2 

48.5 

74 

32 

29.92 

1.34 

42.9 

44.4 

44.6 

66 

21 

29.99 

1.68 

35.9 

38.5 

38.0 

65 

10 

29.89 

1.11 

48.8 

50.1 

50.7 

91 

—  1 

42.0 
3:1. 0: 
44. 3i 
54.9 
69.5 
77.0 
76.0 
73.8 
69.0 
54.5 
50.4 
45.1 


29.5 
19.0 
32.1 
40.8' 
51.1' 
61.3 
62.8 
60.9 
56.7 
42. 5 
38.9 
30.8 


24!    28 


16 
25 
38 
51 
61 
62 


19 
29 
39 
53 
61 
63 


58     60 
56     56 


39 

:i6 

27 


57.5  43.9     41 


40 
35 
27 

42 


70 
71 
66 
72 
76 
80 
81 
78 
85 
75 
78 
72 

75 


73 
73 
69 
73 
73 
79 
83 
79 
82 
73 
71 
66 

74 


4.11 
l.hA 
1.19 
3.07 
4.15 
2.77 
5.80 
.3.95 
3.19 
3.31 
4.91 
1.83 

39.82 


2.15 
.42 

1.02 
2.24 
l.Zi 
1.81 

l.r.o 

1.12 

1.70 

.42 


BROWNSVILLE,  TEX. 

[Lat,  250  63'  N.;  Long.,  »7o  W  W.) 


Jan .. 

30.04 

.73 

53.9 

59.6 

.59.2 

77 

37 

66.9 

51.5 

51 

53 

90 

81 

2.72 

1.21 

Feb.. 

30.08 

.72 

59.3 

62.7 

62.7 

88 

45 

68.4   57.0 

57 

59 

91 

88 

3.27 

1.  ir> 

Mar.. 

29.97 

.55 

60.2 

65.8 

65.6 

85 

47 

72,8'  58.5 

57 

60 

91 

82 

3. 61 

1.40 

Apr.. 

29.93 

.55 

70.2 

73.5 

74.4 

92 

56 

81.5   67.2 

67 

67 

88 

80 

2.m  2J'i\ 

May  . 

29. 94 

.45 

73.2 

76.6 

76.4 

87 

59 

82.6 

70.2 

70 

70 

89 

78    1.261    .% 

June. 

29.89 

.34 

79.6 

81.6,  82.0 

91 

68 

88.5 

75.6 

76 

75 

88 

81 

4.43.  l.\M) 

July. 

29.92 

.31 

81.0 

84.1    84.2 

94 

74 

91.0 

77.5 

77 

76 

88 

76 

.50,    .40 

Aug.. 

29.93 

.19 

78.1 

82.6  82.5 

93 

72 

89.7 

75.3 

76 

75 

92 

79 

7.03   1.93 

Sept  . 

29.90 

.48  73.5 

77.11  77.3 

90 

56 

84.0  70.6 

71 

72 

92 

85 

7.44   5.15 

Oct.. 

HO.  01 

.46  68.9 

75. 0,  75.  0 

89 

49 

84.6  66.5 

66 

68 

90 

80     .20'    .20 

Nov . . 

30. 07 

.73 

58.4 

64.4 

64. 6 

8.') 

38 

74. 3 

55. 0 

55 

56 

89 

75 

1.44     .47 

Dec. 

30. 08 

.51 

64.8 

70.2 

71.1 

82 

50 

78.7 

63. 5 

62 

65 

92 

83 

.02j    .  (n> 

Year. 

29.98 

.50 

68.4 

72.8  73.0 

94 

37 

80.2 

65.7 

65 

6Q 

90 

8134.61 
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May  . 

Acg.. 
8epC. 


BROWNSVILLE 

TEX. 

[fl=s7.  r=n.  *=!.] 

Jan.. 

e.6 

9.940 

8. 

NW.t  10 

J7. 

4 

8 

4I     6 

14 

0 

3  21     7   111  0 

0 

u 

0 

0 

F^b.. 

7.  ft 

a.r>|3a 

N. 

N.     20 

3 11 

9 

10 

0      0 

; 

0 

2   12   14   11   0 

0 

1 

0 

0 

Mar.. 

>.o 

9.0:m 

s. 

8.      9 

7 10 

9 

12 

|l     f. 

7 

1 

13  10    8;    8'  0 

0 

0 

0 

0 

Apr.. 

1.4 

9.7;«i 

s.* 

8E.      0 

a  la 

MS 

15 

2     4 

0 

0 

8  2U     01    3  0 

0 

0 

M«y  . 

'..a 

10.2':MI 

SE.t 

SE.      5 

8    s 

2. 

15 

Oi    < 

: 

0 

8   If.     7|    6,  0 

; 

0 

Jnio. 

3.T 

8.(138 

S. 

SE.      0 

u    9 

34 

16 

0 

0 

0 

13    15 

3     6 

( 

0 

4 

0 

July. 

J.  I 

6.  see 

S. 

SE.      0 

0    4 

37 

18 

0 

0 

0 

3 

19 

1     3 

0 

22 

< 

0 

An^.. 

4.0 

m 

NK. 

SE.      1 

n  17 

23 

0 

1 

0 

7 

7 

21 

3   13 

0 

16 

0 

Sept  . 

1.6 

SE. 

SE.      7 

r.    8 

ai 

4 

4 

12 

13 

5   11 

0 

0 

0 

0 

Oct.. 

3.1 

4.2132 

8. 

SE.      6 

6   11 

16 

0 

0 

8 

9 

23 

7 

1    a 

0 

0 

0 

0 

Nov.. 

0.1 

7.r,40 

8. 

N.      13 

7     8 

11 

3 

3 

6 

3 

11 

11 

8     7 

0 

0 

0 

0 

Deo.. 

5.r>  8.G|38 

S. 

SE.     a 

a  19 

29 

9 

0 

0 

' 

2 

6 

18 

'i     ' 

0 

» 

0 

0 

Year  . 

i.9  8.3!.. 

1 

SE.    81 

4. 

332124 

11 

^  »l» 

125 

177 

m  82 

0 

0 

43 

14 

0 
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Monthly  and  Yearly  Meteorological  Sit)tfMAKiE8— Continued. 

BUFFALO,  N.  Y. 


iLat.  420  53'  K 

.;  Long..  78°  W  W.) 

Preaeure. 

Temperature. 

Dew- 
point. 
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humid- 
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Precipita- 
tion. 
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s 

X 

o 

^ 

S 

A 

P4 

9i 

oB 

..M 

e8 

•^^ 

eS 

cu 

<0 

Cm 

o 

d 

':^ 

:i^ 

In, 

00 

o 

00 

S 

:§ 

S 

o 

o 

00 

o 

00 

o 

00 

00 

H 

S 

1889. 

/». 

o 

o 

o 

o 

/n. 

In. 

Jan.. 

29.24 

1.44 

29.1 

30.4 

29.8 

55 

8 

34.2 

25.5 

24 

25 

4.72'  1.70 

Feb.. 

29.34 

1.38 

17.8 

19.8 

18.5 

48 

—10 

25.6 

11.4 

13 

15 

83 

82 

2.29 

.46 

Mar.. 

29.20 

1.04 

31.9 

33.3  33.4 

54 

14 

38.7 

28.2 

25 

28 

77 

80 

1.34 

•  9t» 

Apr.. 

29.26 

1.18 

41.7 

43.4 

43.4 

74 

28 

50.6 

36.1 

32 

33 

71 

70 

3.42 

L28 

May  . 

29.22 

.62 

53.8 

54.9 

54.6 

89 

34 

61.3 

47.8 

44 

43 

71 

67 

2.77 

L32 

June . 

29.27 

.82 

60.6 

62.3  61.9 

83 

45 

68.1 

55.7 

54 

54 

80 

.    75 

5.27 

1.72 

July. 

29.25 

.61 

68.3 

70. 8,  69. 9 

88 

54 

76.7 

63.1 

60 

62 

76 

74 

3.58 

1.18 

Aug.. 

29.34 

.56 

65. 2 

69. 2!  67. 4 

84 

51 

74.9 

59.9 

56 

56 

73 

eh 

L07 

,35 

Sept  . 

29.30 

.89 

59.3 

63.5 

62.6 

86 

41 

70.4 

54.9 

52 

54 

77 

72 

4.09 

1.27 

Oct .. 

29.32 

.94 

42.6 

45.5 

45.2 

62 

26 

51.5 

38.9 

35 

37 

76 

74 

2.80 

.85 

Nov.. 

29.28 

1.27 

39.4 

41.5 

40.6 

65 

20 

45.3 

35.9 

33 

35 

80 

78 

5.06 

.84 

Dec 

29.33 

1.36 

36.8 

37.9 

37.5 

57 

12 

43.5 

31.5 

30 

31 

78 

77 

3.66 

.62 

Year. 

29.28 

1.01 

45.5 

47.7 

47.1 

89 

—10 

53.4 

40.7 

38 

39 

77 

74 

40.07 

• 

•FORT  BUFORD,  N.  DAK. 
riAt..  480  K. ;  Long.,  103°  56'  W.] 


Jan  ., 

Feb. 

Mar., 

Apr. 

May 

June 

July 

Aug. 

Sept 

Oct  . 

Nov. 

Deo. 

Year. 


27.98 
28.04 
28.01 
27.95 
27.90 
27.90 
27.92 
27.90 
27.90 
28.02 
28.04 
27.88 

27.95 


.94 

5.1 

1.31 

6.5 

.82 

24.4 

.92 

39.1 

1.24 

44.4 

.71 

55.3 

.62 

58.8 

.73 

57.0 

.90 

43.0 

.80 

35.6 

1.07 

16.0 

.89 

11.5 

0.91 

33.1 

14.0 

10.6 

45 

—18 

23.0 

—1.7 

3 

10 

91 

84 

.13 

19.0 

13.2 

5l!— 32;  23.6'    2.8 

4 

13 

•    91 

80 

.30 

42.3 

35.2 

72j-  3 

48.5 

21.8 

20 

22 

84 

49 

.20 

58.7 

48.7 

76^ 

15 

63.0 

34.4 

28 

25 

67 

29 

.60 

58.8 

51.2 

76'    27 

62.7 

39.6 

36 

34 

76 

45 

2.69 

74. 0,  63. 7 

101 1    38 

78.4 

49.0 

45 

42 

71 

35 

1.03 

77.3  67.0 

98;      41 

81.7 

53.4 

49 

45 

72 

34 

.63 

80.1   68.8 

99|    42 

85.0 

5>>.6 

46 

44 

70 

30 

.95 

59.9;  52.8 

87f    26 

67.0 

38.7 

35 

34 

76 

42 

L13 

52.9  47.2 

S\)'    i:. 

h:s.o 

31.4 

27 

28 

74 

41 

.01 

27.1  23.5 

61,-28 

36.5 

10.5 

12 

17 

87 

68 

.37 

16.7 

14.1 

44 

—12 

24.6 

3.6 

9 

13 

91 

86 

.42 

48.4 

41.4 

101 

-32 

54.8 

28.0 

26 

27 

79 

52 

8.46 

.06 
.14 
.18 
.42 
.80 
.25 
.18 
.44 
.49 
.01 
.30 
.24 


CAIRO, 

ILL. 

ILat.;  870  O*  N 

. ;  Long.,  890  W  W.} 

Jan .. 

29.70 

1.01 

34.7 

40.3 

38.0 

61 

19 

44.6 

31.5 

30 

32 

84 

73  4.61 

L90 

Feb . . 

29.82 

1.20 

30.5 

39.0 

35. 6 

70 

6 

43.0 

28.2 

24 

24 

78 

60 

1.57 

.,5o 

Mar.. 

29.63 

.88 

43.5 

53.2 

50.0 

75 

27 

59.16 

40.5 

34 

34 

72 

52 

1.40 

.75 

Apr  .- 

29.64 

.80 

53.9 

63.6 

59.6 

81 

34 

69.3 

49.8 

44 

42 

70 

48 

0.97 

.44 

May  . 

29.62 

.51 

60.7 

69.1 

65.8 

88 

41 

75.2 

56.5 

51 

50 

72 

52 

1.91 

.72 

June. 

29.64 

.56 

66.7 

72.7 

70.8 

90 

46 

78.8 

62.8 

62 

62 

85 

70 

8.07 

L86 

July  . 

29.61 

.39 

73.8 

78.3 

77.4 

91 

62 

84.7 

70.0 

70 

70 

87 

77 

5.15 

L77 

Aug.. 

29.71 

.25 

69.5 

76.9 

75. 1 

88 

62 

83.4 

66. 8 

65 

68 

87 

74 

1.10 

.54 

Sept  . 

29.68 

.71 

61.4 

68.7 

67.0 

88 

45 

75.8 

58.3 

58 

63 

89 

81   3.82 

.73 

Oct  .. 

29.74 

.77 

48.7  58.5 

56. 6 

83 

36 

66.0  47.3 

45 

49 

88 

70,  2.81 
75  5. 56 
661  0.77 

1 

Lr2 

Nov.. 

29.74 

1.06 

40.4   45.5 

44.2 

73 

20 

49.  o;  38. 8 

35 

37 

83 

2.96 

Dec.. 

29.76 

.76 

49.6  56.2 

54.0 

74 

26 

62.1    46.0 

43i 

44 

80 

.46 

Year. 

29.69 

0.74 

52.8;  60.2 

57.8 

91 

6   66.0   49.7 

1 

A7' 

48' 

81 

6637.74 
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Monthly  and  Tearly  Meteorological  Su&imaries— Continued. 

BUFFALO,  N.  Y. 
[H=e90.    T=103.    *=»3.] 


1 

a 

S 

a 

Wind. 

Number  of  days. 

o  S 

g'2 

t 

a 

6 

^ 

• 

'0 

. 

• 

• 

• 

i 

a 
xi 

9 

O 

^^ 

C9 

a 

p 

a 
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§ 

=3- 

i 

• 
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• 

1 

4S 

• 
•49 

I 

Xi 

• 

a 

o 

i 

0 

• 

• 

o 

1 

1 

OB 
M 

a 

• 

a 
1 

a 

flB 

r 

flB 

s 

Q 

>• 

1 

1 

O 
OQ 

o 

•4>3 

0 

eg 

S 

« 
g 

0 

3 

€ 
S 

0 

o 

3 

0 

*S 

eS 

• 

a 

i 

flB 

0 

s 

1889. 

Jau .. 

7.1 

14.5 

78 

SW. 

sw. 

1 

9 

5 

3 

10 

20 

12 

0 

2 

4 

8 

19 

15 

11 

22 

0 

0 

0 

Fe'>.. 

7.6 

15.0 

G2 

sw. 

sw. 

8 

2 

3 

2 

11 

19 

15 

1 

0 

4 

5 

19 

18 

18 

27 

0 

0 

0 

Mar.. 

5.5 

10.6 

40 

SW. 

sw. 

4 

16 

7 

0 

2 

23 

8 

2 

0 

4 

18 

9 

11 

6 

20 

0 

0 

0 

Apr.. 

5.8 

9.4 

48 

sw. 

sw. 

7 

12 

3 

2 

3 

24 

6 

3 

0 

9 

8 

13 

10 

0 

5 

0 

2 

0 

May  . 

5.8 

9.9 

54 

sw. 

sw. 

5 

3 

3 

2 

13 

23 

11 

2 

0 

13 

4 

14 

10 

0 

0 

0 

1 

0 

June. 

6.3 

9.9 

40 

sw. 

sw. 

0 

9 

2 

2 

7 

35 

4 

0 

1     4 

16 

10 

18 

0 

0 

0 

4 

0 

July. 

4.4 

7.5 

30 

s. 

sw. 

1 

6 

3 

3 

10 

26 

5 

6 

2   10 

16 

5 

11 

0 

0 

0 

7 

0 

Aug.. 

4.5 

9.2 

40 

sw. 

sw. 

4 

8 

3 

2 

11 

20 

9 

5 

0 

12 

12 

7 

8 

0 

0 

0 

3 

0 

Sept  . 

4.8 

9.6 

44 

sw. 

s. 

1 

14 

8 

1 

15 

10 

10 

1 

0 

11 

10 

9 

14 

0 

0 

0 

1 

0 

Oct.. 

5.6 

9.3 

39 

sw. 

N. 

16 

14 

1 

4 

3 

6 

9 

8 

1 

9 

9 

13 

13 

0 

4 

0 

3 

0 

Nov.. 

7.2 

12.7 

52 

sw. 

w. 

3 

11 

0 

10 

5 

9 

16 

6 

0 

4 

9 

17 

18 

2 

8 

0 

0 

0 

Deo.. 

7.1 

15.7 

72 

w. 

w. 

1 

8 

7 

3 

9 

10 

21 

3 

0 

3 

11 

17 

20 

4 

11 

0 

1 

0 

Year. 

6.0 

11. 1 

sw. 

46 

112 

45 

34 

99 

225 

126 

37 

6 

87 

126 

152 

16641 

97 

0 

22 

0 

FOET  BUFORD,  N.  DAK. 
[H=1.900.    T=17,    h=9.] 


Jan .. 

4.3 

7.0 

38 

NW. 

NW. 

2 

2 

8 

5 

2 

11 

6 

25 

1 

8 

19 

4 

6 

23 

31 

0 

0 

0 

Feb.. 

5.8 

9.552 

JNW. 

NW. 

5 

3 

7 

1 

5 

11 

4 

19 

1 

5 

11 

12 

8 

18 

28 

0 

0 

1 

Mar.. 

5.4 

8. 235 

WW. 

NW. 

7 

6 

12 

4 

2 

12 

6 

13 

0 

5 

18 

8 

3 

4 

28 

0 

0 

1 

Apr .. 

5.4 

10. 8,66 

NW. 

W.t 

3 

8 

11 

8 

4 

4 

11 

9 

2 

2 

16 

12 

4 

0 

8 

0 

1 

2 

May  . 

7.0 

9.7 

:\6 

SE. 

NW. 

5 

5 

7 

7 

4 

9 

7 

16 

2 

3 

9 

19 

12 

0 

3 

0 

3 

0 

June. 

5.1 

8.1 

36 

NW. 

NW. 

5 

6 

10 

4 

4 

10 

7 

14 

0 

5 

17 

8 

9 

0 

0 

5 

6 

0 

July  . 

6.7 

8.6 

38 

N. 

NW. 

6 

5 

15 

5 

3 

2 

5 

18 

3 

3 

13 

15 

10 

0 

0 

6 

5 

0 

A11K..3.3 

7.1 

48 

NW. 

E. 

6 

7 

16 

8 

5 

4 

4 

10 

2 

18 

11 

2 

5 

0 

0 

6 

4 

1 

Sept  .  6. 0 

9.5 

48 

WW. 

NW. 

3 

5 

6 

3 

8 

3 

9 

20 

3 

5 

12 

13 

10 

0 

5 

0 

0 

0 

Oct  . .  4. 9 

7.9 

42 

NW. 

E. 

3 

8 

21 

7 

4 

4 

4 

10 

1 

7 

21 

3 

1 

0 

18 

0 

0 

2 

Nov.. 

4.6 

7.6 

40 

NW. 

S. 

4 

5 

9 

5 

13 

8 

4 

12 

0 

10 

14 

6 

4 

10 

30 

0 

0 

2 

Deo.. 

5.5 

7.2 

37 

NW. 

E. 

5 

2 

18 

2 

5 

8 

7 

11 

4 

10 

10 

11 

5 

22 

31 

0 

0 

2 

Tear. 

5.3 

8.4 

NW. 

54 

62 

140 

59 

59 

86 

74 

177 

19 

81 

171 

113 

77 

77 

182 

17 

19 

u 

0 

CAIRO,  ILL. 
[?=350.    3^=88.    A=78.] 


Jan .. 

5.7 

7.7 

35 

E. 

w. 

11 

4 

2 

2 

12 

6 

16 

7 

2 

7 

9 

15 

13 

2 

17 

0 

0 

0 

Feb.. 

5.8 

9.2 

36 

N. 

sw.t 

11 

6 

3 

7 

2 

1' 

9 

7 

0 

8 

8 

12 

11 

4 

17 

0 

1 

0 

Mar.. 

4.2 

8.8 

45 

N. 

N. 

19 

6 

3 

4 

4 

7 

10 

8 

1 

14 

8 

9 

8 

0 

3 

0 

1 

0 

Apr.. 

4.4 

9.4 

37 

8. 

s.t 

13 

9 

3 

1 

13 

4 

5 

9 

3 

16 

4 

10 

7 

0 

0 

0 

2 

0 

May  . 

3.5 

8.7 

36 

NW. 

s. 

7 

4 

5 

2 

17 

8 

9 

10 

0 

15 

7 

9 

7 

0 

0 

0 

7 

0 

June. 

6.7 

6.2 

43 

SW. 

8. 

7 

6 

2 

6 

14 

9 

5 

7 

4 

4 

10 

16 

16 

0 

0 

0 

8 

0 

July. 

6.5 

5.1 

45 

W. 

S. 

6 

7 

3 

3 

16 

9 

4 

10 

4 

7 

12 

12 

13 

0 

0 

3 

12 

0 

Aug.. 

2.9 

4.7 

35 

SW. 

8. 

12 

12 

9 

0 

14 

6 

2 

2 

5 

18 

8 

5 

6 

0 

0 

0 

3 

0 

Sept . 

5.5 

5.5 

33 

W. 

NW.i 

6 

11 

7 

6 

5 

5 

1 

11 

8 

9 

8 

13 

11 

0 

0 

0 

5 

0 

Oct .. 

3.9 

6.3 

40 

SW. 

N. 

17 

6 

2 

2 

11 

2 

4 

8 

10 

17 

6 

8 

6 

0 

0 

0 

3 

0 

Nov.. 

6.8 

«.2 

28 

N. 

N. 

13 

3 

5 

4 

8 

10 

10 

6 

1 

8 

4 

18 

12 

1 

6 

0 

0 

0 

Dec, 

6.0 

8.6 

36 

S. 

8. 

9 

5 

8 

3 

20 

9 

3 

1 

4 

8 

9 

14 

5 

0 

3 

0'  2   0 

1 

Year. 

5.2 

7.4 

•  • 

S. 

131 

79 

52 

40 

136 

86 

78 

86 

42 

131 

93 

141 

115 

7 

46  344  C 
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Jan . 

Feb. 

Mar. 

Apr . 

May 

June 

July 

Aug. 

8ept 

Oct. 

Nov. 

Dec. 


Year. 


Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Bept 

Oct. 

Nov. 

Dec . 

Year 


Monthly  and  Yearly  Meteorological  Sctmmaries— Continued. 

FORT  CANBY.  WASH. 
ILat,  4eo  le'  N. ;  Long..  194o  4'  W.] 


Preasuie. 

Temperature. 

Dew- 
point. 

Relative 
humid- 
ity. 

Precipita- 
tion. 

m 

^ 

•d 

Mean. 

s 

o 

P^ 

• 

3.5 

• 

a 

^ 

a 

at 

• 

a 

0 

• 

a 

0 

• 

S 

0 

• 
0 

& 

• 

S 

S 

fl  = 

a 

5 

a 

.§ 

a 

a 

• 

a 

a 

m 

3 

• 

0 

S 

a 

• 

• 

« 

H 

•■ 

M 

0 

• 

• 

• 

H 

o 

• 

& 

0B 

P4 

0) 

« 

•«« 

rA 

e8 

p« 

08 

04 

o 

d 

s 

^ 

00 

00 

s 

o 

o 

S 

o 

00 
o 

c 

00 

X 

H- 

>; 

1889. 

In. 

In. 

o 

o 

o 

o 

/t». 

In. 

Jau .. 

29.86 

.87 

42.5 

44.9 

42.4 

57 

32 

46.5 

38.4 

37 

39 

84 

9.36 

2.89 

Feb.. 

29.96 

.84 

44.1 

48.1 

45. 2 

58 

30 

4l>.  9 

40.6 

42 

42 

92 

82 

2.53 

0.47 

Mar.. 

29.72 

1.30 

49.8 

53.7 

51.2 

70 

41 

56.1 

46.2 

45 

45 

H5 

76 

4.84 

0.95 

Apr. . 

29.83 

.83 

48.7 

52.6 

51.0 

65 

41 

55.7 

46.3 

46 

46 

89 

79 

4.01 

0.74 

May  . 

29.78 

1.03 

52.8 

57.  r> 

55.1 

78 

43 

60.5 

49.7 

50 

51 

90 

80 

3.30 

0.75 

June. 

29. 86 

.65 

54.0 

58.0 

56.6 

83 

49 

61.6 

51.7 

51 

52 

90 

80   1.36 

0.63 

July. 

29.85 

.49 

55.4 

59.6 

58.3 

80 

50 

63.2 

53.5 

54 

55 

94 

85|  0.24 

0.07 

Aug.. 

29. 85 

.59 

55.3 

59.1 

57.6 

72 

50 

62.2 

52. 9 

54 

55 

95 

861  2. 92 

1.05 

Sept  . 

29.88 

.72 

55.6 

59.8 

57. 8 

86 

46 

63.2 

52. 5 

51 

51 

8.> 

78  4.78 

M,  10 

Oct.. 

29.72 

.97 

55.2 

58.1 

5<>.  3 

70 

44 

60.9 

51.7 

52 

52 

88 

82 

8.08 

2.fi7 

Nov.. 

29.84 

1.09 

49.7 

52.4 

50.1 

66 

38 

54.2 

46.0 

45 

47 

84 

84 

4.16 

0.83 

Dec. 

29.64 

1.10 

41.2 

42.4 

41.2 

56 

31 

45. 1 

37.2 

37 

37 

86 

8:i 

7.86 

1.27 

Year. 

29. 82 

0.87 

50.4 

53.8 

51.9 

'    86 

30 

56.6 

47.2 

47 

48 

89 

81 

53.44 

CARSON  CITY,  NEV. 
[Lat.,  39=  8'  N. ;  Long.,  lltK>  47'  W.] 


22. 2 
26.1 

:m.4 

41.2 
44.0 
50.4 
51.8 
51.1 
44.6 
38.8 
29.9 
29.8 

38.7 


38. 4[ 
46.4 
5:?.  7! 
60. 7| 
65.8 
78.4, 
84.3 
82. 9 
73.8 
57.3 
46.9 

:».o 


60.3 


31.0 
36.5 
44.8 
52. 3 
56.0 
66.6 
69.3 
68.2 
59.6 
49.2 
39.4 
32. 9 

50.5 


55 

— 1 

43.1 

19.0 

62 

1 

50.3 

22.7 

71 

24 

57.6 

31.9 

77 

27 

65.5 

39.1 

88     29 

60.7 

42. 2 

92     41 

84.4 

48.8 

1001     43 

87.7 

50.9 

93     40 

86.7 

49.7 

88     28 

77.6 

41.6 

85 

21 

62.9 

35.0 

64 

16 

52.2 

26.7 

52,     ; 

39.9 

25.9 

100 

-7 

64.8 

36.2 

16 
19 
25 
27 


32 
35 
35 


21 
15 
22 

2:? 

28 
32 
36 

32:  28 

24 

27 

22 


24 

26 


23 
27 
*i3 

26 

25 


78 
78 
70 

51)1 

or.l 

58, 
55' 
48 
46 
66 
74 
80 

65 


53 
32 
31 
26 
29 
22 
19 
14 
16 
37 
44 
71' 


0.06i 
0.13 
1.73 
0.03 
1.72 
0. 27. 
.00 
.00 

.00! 
1. 01 
2.11 
4.76 


0.04 

0.08 

I.U4 

O.Ol 

1.32 

1.15 

.00 

.00 

.00 

0.44 

I.  Oil 

1.64 


3311.8.V. 


CEDAR  KEYS,  FLA. 
(Lat.,  29°  8'  K. ;  Long.,  83o  8'  W.] 


57.0 

70 

54.0 

70 

60.1 

75 

68.1 

82 

73.0 

87 

78.6 

89 

81.4 

91 

80.4 

89 

79.4 

91 

68.8 

^ 

64.3 

79 

63.4 

77 

69.0 

91 

36 

61.9 

52.1 

49 

51 

86 

80 

34 

59.6 

48.3 

45 

49 

84 

81 

42 

65.2 

55.0 

50 

55 

81 

81 

48 

73.0 

63.2 

60 

62 

83 

82 

55 

79.5 

66.6 

62 

65 

76 

76 

56 

84.1 

73.0 

71 

72 

85 

82 

71 

86.1 

76.7 

74 

75 

85 

81 

69 

86.4 

74.4 

73 

74 

86 

82 

65 

as.  4 

73.3 

72 

72 

85 

80 

49 

75.9 

61.8 

59 

62 

81 

76 

34 

70.4 

58.2 

55 

59 

86 

79 

41 

70.3 

56.6 

56 

60 

92 

89 

34 

74.8 

63.3 

60 

63 

84 

81 

8.04 

3.35 

2.07 

1.47 

T. 

5.29 

10. 03 

4.98 

4.97 

1.61 

1.56 

.00 

43.37 


2. 03 
1.22 
0. 62 
0.84 
T. 
1.65 
2.99 
1.62 
2.07 
0.81 
1.08 
.00 


REPOBT   OF   TPIE    CHIEF   SIGNAL   OFFICER. 

iiLY  AND  Ykari.Y  Meteorolooical  Shmmariks — Contionod, 
FOKT  CANBY,  WASH. 


CAH80N  CITY,  NEV. 

irl 

1    1 

I.J.J.. 

...1.  1  H 

,«!     ,1    3 

0  29!  & 

o'o 

:::::ii. 

15 

6     T 

n 

0-    0 

SI 

6     5 

20  20 

0;       & 

o:    1 

ol    0 

0      0 

0 
0 

2 

8 

n'l. 

g 
11 

104 

«!(i 

1     1    1 

S^pV 

1.7 

:—]■■]■■ 

■  T, 

01  8  0 
(S  24l  0 

2  ftil  0 

Oi  0 

Dbc. 

;q 

■■: 

0   0 

1 

1 

CEDAB  KEYS 

FLA. 

[H=K.    r=«!.    fc=33.] 

Jan.. 

6.3   11.3 

4« 

R. 

NE. 

q 

32 

fi 

.1   . 

u;  2I  11 

1 

4 

7   20 

11  n 

n|n 

0  0 

K«U.. 

B.Si  10.  J 

WW. 

NK. 

It 

' 

1 

11     ! 

t 

10    12 

11  ( 

n,  t 

It  II 

Mar. 

:i  ■;> 

IT) 

H. 

N, 

11 

f 

!> 

2,    r 

1 

i(    lis 

If 

fl     : 

1(1  ( 

(1  0 

Apt. 

;(.2 

H.> 

NW 

NW. 

l< 

i 

: 

a 

' 

-1 

1 

r 

7      fi 

f  1 

n  t 

il  0 

:i.( 

0  4 

<l 

sw. 

NW. 

f 

!> 

V 

1 

1 

S    21 

( 

It 

fl      f 

1   1 

0  1 

0,  0 

fi.fi 

!l,1 

i: 

K 

WK, 

■1 

11 

\-i 

: 

i 

6   11 

1 

2 

!1    1! 

14     ( 

0,  ( 

0  0 

July  . 

:t.( 

8.( 

ih 

S 

NW. 

'; 

( 

i: 

1 

11 

l(     1-1 

( 

* 

fl   2( 

IS    ( 

:i  It 

It 

ao]30 

si;, 

HE. 

^ 

II 

21 

2 

•i 

;    f. 

( 

i 

10  n 

i:  ( 

0  ( 

ii  0 

Sei-t  .;4.J 

SK. 

NK. 

10  n 

t 

2 

^    5 

1 

li 

n    : 

M   \ 

0  1 

(1  0 

:i  !S 

NW. 

^. 

'27\  11 

V 

( 

1  16  a 

If 

«    < 

:■  ( 

ol  1 

<ji  II 

Nov.. 

N 

N. 

5 

( 

u 

(   ir 

fi  ( 

0  [1 

Dec.. 

J.  9 

r..8!20]NE. 

N. 

lUl  15 

a    3 

1 

0 

5   16   1 

17 

11     3 

00 

V 

0  0 

Yew. 

5.0 

9.0-. j 

N. 

I6(iil2862'  80.  40130 

64163   7 

127 

10  131 

113  0 

^2 

5  0 

314 


KEPOKT   OP   THE   CHIEF   SIGNAL   OFFICER. 


Monthly  and  Trarlt  Mbtborolooical  Summaries— Cod  tin  aod. 

CHAELESTON,  8.  C. 
[Lat,  32°  47'  N. ;  Long.,  79°  66'  W.] 


Pressure. 

i 

►» 

• 

•« 

0 

« 

• 
a 

& 

• 

a 

• 

a 

a 

* 

B 

• 

o 

9 

« 

CS 

o* 

^ 

S 

M 

00 

00 

1889. 

/If. 

In. 

o 

o 

Jan  .. 

30.03 

.90 

48.1 

51.9 

Feb.. 

30.14 

.93 

43.5 

47.9 

Max.. 

29.90 

1.05 

50.4 

.55.0 

Apr.. 

29.94 

.76 

61.0 

61.7 

May  . 

29.96 

.48 

70.1 

72.2 

Jane. 

30.04 

.56 

75.1 

75.4 

July. 

30.00 

.31 

80.3 

79.1 

Aug.. 

30.06 

.28 

76.0 

76.7 

Sept  . 

30.00 

.55 

73.3 

75.3 

Oct .. 

30.02 

.56 

60.2 

64.5 

Nov.. 

30.09 

.89 

66.7 

59.»1 

Dec. 

30.21 

.53 

53.4 

57.9 

Year. 

30.03 

.65 

62.3 

64.7 

Temperatnre. 


§ 


a.s 
^a 

B 
« 


a 

o 

a 

H 

08 
1^ 


51.6 
47.4 
55.0 
63.5 
73.6 
76.8 
81.4 
78.0 
75.8 
64.7 
60.0 
60.0 

65.6 


71 
70 
74 
85 
96 
95 
97 
90 
91 
86 
79 
78 

97 


a 

a 
B 


;^ 


29 
26 
34 
42 
49 
51 
71 
66 
58 
43 
31 
37 

26 


Mean. 


a 

B 

a 


58.1 

53.81 

62.4 

71.9 

82.9 

83.6 

87.4 

84.2 

82.7 

73.4 

66.8 

68.4 

73.0 


a 

8 

a 

a 

•P4 


45.2 
40.9 
47.5 
55.1 
64.4 
70.2 
75.5 
71.7 
68.8 
56.0 
53.2 
51.5 

58.3 


Dew- 

point. 

• 

a 

• 

a 

• 

* 

•00 

00 

o 

o 

43 

45 

37 

40 

45 

48 

bS 

53 

58 

61 

68 

68 

73     74 

72!     72 

66     68 

55;    57 

53     53 

ryO     53 

56 

58 

Relative 
humid- 
ity. 


a 

00 


Precipita- 
tion. 


ii 

80 
82^ 
78| 
6(i 
80 
80 
86 
78 
82 
86 
90 

81 


^y 

78 
76 
78 
77 
69 
79 
86 
84 
78 
77 
81 
84 


o 


a 
o 

.B 
04 


Jr. 

6.46 

4.54 

7.49 

2.41 

.98 
5.96i 
6.74 
7. 36 
2. 17i 

.73 
7.28 

.03 


79152. 15 


In. 
1.62 
l.:J2 
3.14 

.911 

.50 
2.X» 
A.'M 
A.  l»8 
1.48 

.t8 
,5.84 

.03 


CHARLOTTE,  N.  C. 
[Lat.,  350  18'  N.;  Lonit.,  80©  61'  W.] 


Jan  .. 

29.22 

.99 

37.7 

45.2 

44.1 

70 

22 

.52.5 

35.7 

28 

34 

71 

66 

6. 15,  1. 56 

Feb.. 

29.31 

1.10 

33.3 

40.6 

39.4 

69 

13 

48.9 

30.0 

29 

74 

67 

4.59 

1.3S 

Mar.. 

29.11 

1.00 

44.5 

51.3 

51.0 

75 

28 

61.7 

40.3 

41 

79 

68 

1.6^ 

..•-8 

Apr .. 

29.15 

.83 

55.2 

62.7 

61.2 

86 

38 

72.2 

50.2 

48 

49 

77 

63 

2.60 

1.00 

May  . 

29.16 

.55 

65.9 

71.7 

70.4 

95 

38 

82.9 

57.8 

56 

55 

71 

i>7 

2. 75 

1.97 

Jone. 

29.25 

.54 

69.4 

72.9 

73.4 

94 

45 

83. 3 

63.5 

64 

a5 

85 

78 

10. 54 

2.79 

Jnly  . 

29.21 

.45 

74.0 

76.9 

78.8 

96 

61 

88.0 

69.5 

69 

70 

86 

81 

8.17 

?.:» 

Auj?.. 

29.30 

.36 

69.8 

72.6 

74.0 

90 

58 

82.5 

65.5 

66 

68 

89 

84 

4.53 

l.f>8 

Sept  . 

29.24 

.67 

65.7 

69.2 

70.1 

89 

45 

79.9 

60.3 

60 

61 

82 

76 

2.88 

1.42 

Oct., 

29.24 

.62 

52.7 

58.8 

58. 5 

82 

34 

69.8 

47.2 

45 

47 

78 

67 

1.53 

.83 

Nov.. 

29.27 

1.02 

46.7 

51.5 

51.8 

77 

21 

60.4 

43.3 

42 

42 

85 

71 

4.44 

1.90 

Dec.. 

29.38 

.66 

47.4 

55.7 

54.7 

76 

27 

64.4 

45.0 

43 

45 

85 

70 

.48 

.32 

Year. 

29.24 

.73 

55.2 

60.8 

60.6 

96 

13 

70.5 

50.7 

49 

50 

80 

71 

50.28 

CHATTANOOGA,  TENN. 

[Lftt,  36©  4'  N.;  Long.,  85©  15'  W.l 


Jan . 

Feb. 

Mar. 

Apr. 

May 

June 

Jnly 

Aug. 

Sept 

Oct  . 

Nov. 

Dec. 

Year 


29.26 

.99 

37.0 

29.36 

.93 

35.8 

29.16 

.87 

44.6 

29.20 

.69 

55.5 

29.22 

.68 

60.6 

29.25 

.46 

67.5 

29.23 

.39 

74.7 

29.31 

.30 

69.5 

29.28 

.64 

63.6 

29.30 

.61 

50.3 

29.31 

.98 

45.0 

29.42 

.59 

50.8 

29.28 

.68 

54.6 

44.7 
43.9 
55.7 
64.9 
69.8 
73.2 
79.0 
75.0 
69.3 
59.7 
50.7 
.58. 9 

62.1 


42.6 

64 

20 

51.8 

33.3 

32 

34 

81 

69 

5.31 

41.7 

71 

13 

51.3 

32.1 

28 

32 

75 

64 

5.10 

51.6 

80 

26 

62.4 

40.7 

37 

38 

76 

54 

.3.71 

62.2 

86 

37 

73.7 

50.8 

48 

51 

76 

63 

3.21 

66.2 

91 

41 

78.6 

.53.8 

53 

54 

76 

58 

4.59 

72.2 

87 

39 

81.5 

62.8 

63 

66 

86 

78 

4.16 

78.4 

92 

63 

87.2 

69.6 

69 

71 

83 

76 

3.33 

74.8 

91 

57 

84.2 

65.5 

66 

69 

88 

81 

3.77 

69.1 

89 

40 

78.4 

59.8 

69 

62 

85 

78 

7.87 

58.4 

82 

35 

69.4 

47.4 

45 

50 

84 

71 

1.38 

50.1 

73 

23 

58. 3 

41.9 

40 

42 

83 

73 

6.44 

57.2 

73 

25 

66.8 

47.6 

46 

50 

85 

74 

.44: 

60.4 

92 

13 

70.3 

50.4 

49 

52 

82 

70 

49.31 

1 

1.22 

3.:« 

2.04 
1.83 
2.75 
1.16 

.87 
1.11 
2.87 

.48 
1.74 

.31 


KEPOKT   OP  THE   CHIEF   BIGNAL   OFFICER. 

Monthly  ahd  Yrakly  Hetkoro logical  Suumahies— Continued. 

(lilAHLESTON,  S.  C. 
|if=M.     ItM.     0=55.) 


CHARLOTTE,  N.  C. 


NE.t 

„ 

11 

n 

■X 

10 

10 

5 

7 

8 

13 

19 

n 

s 

0 

n 

^ 

11 

' 

t 

V. 

> 

h 

1-, 

> 

1 

1 

» 

Uar.. 

( 

W. 

i 

( 

1 

t 

5 

V> 

11 

1   i; 

: 

M 

( 

1 

X,' 

', 

NW 

i 

; 

; 

t 

; 

' 

S 

IV  u 

t 

* 

( 

;v 

SE.t 

', 

^ 

< 

i 

f< 

t 

1 

•,    V 

t 

f. 

< 

( 

;■ 

JnTK* 

;w 

8. 

"■ 

1 

t 

It 

1 

> 

V.    : 

1 

14 

15 

1 

!> 

4  : 

v« 

8. 

11 

1 

1! 

t 

t 

' 

V. 

It 

i: 

( 

It 

Anp- 

:i ' 

w 

«W 

NE. 

14 

: 

i: 

' 

4 

t   It 

! 

1? 

f 

1 

S«.p(, 

4  t> 

vr 

NK 

NW. 

V. 

1 

'. 

11 

V 

V 

i; 

;  11 

11 

!■ 

t 

1 

1 

OM. 

fi 

Fi   1 

v^ 

N 

N. 

'H 

t 

V 

: 

IV 

t 

f> 

-.  It 

11 

4 

' 

( 

1 

H  1 

vt 

K 

SW. 

> 

V. 

V 

:■ 

11 

i: 

5 

' 

'i  11 

It 

^ 

i< 

1 

1 

Deo.. 

J.« 

4.6 

ai 

HW. 

sw. 

1 

0 

" 

'i 

" 

lb 

9 

b 

4    18 

7 

l> 

; 

0 

■' 

0 

Tew. 

.6 

5.3 

RE. 

82 

120 

48 

« 

n. 

104 

84 

t: 

57  14.1 

113 

109 

lOS 

1 

r 

20 

£1 

0 

14 

5  7 

40 

W 

HW. 

1(1 

8 

fl 

8 

3 

9 

11 

3 

1? 

4 

15 

15 

0 

ft 

n 

>  t 

ti  ) 

w 

SW 

HW. 

: 

t 

11 

t 

(. 

1 

f 

It 

' 

( 

1 

1-1 

|| 

1* 

II 

Hu.. 

t  4 

H  ', 

» 

NW. 

1! 

:■ 

It 

4 

1' 

lf> 

t 

> 

:■ 

I 

V 

II 

&- 

I  4 

H  ; 

:tt 

NW 

W. 

! 

4 

4 

n 

IV 

( 

V. 

t 

1 

t 

( 

1 

t 

: 

II 

t  1 

5  1 

:« 

w. 

« 

i> 

K 

ly 

1 

1/ 

l.'> 

4 

1< 

t 

( 

: 

II 

Jime. 

-1 : 

:t  1 

NW 

' 

II 

t. 

It 

It 

: 

tl 

i; 

It 

( 

t 

If 

II 

i  4 

4  V 

ah 

N 

f> 

H 

n 

: 

4 

i: 

i:- 

1- 

( 

5 

1) 

Anp., 

■),  1 

:t  h 

1K> 

K. 

t 

Mt 

11 

It 

V 

1 

11 

H«pt. 

l.t; 

4  h 

» 

t 

4 

t> 

<■ 

V 

( 

1 

1 

II 

v» 

II 

H 

!> 

11 

1' 

1t> 

1 

1 

( 

1 

'. 

II 

Nov.. 

i.', 

: 

It 

.' 

1 

I< 

;■ 

It 

! 

t 

11 

i; 

1" 

( 

1 

1) 

Dec.. 

!>.:i 

!..l 

9 

" 

17 

15 

9 

2 

lu 

13 

8 

7 

2 

0 

Tear. 

4.8 

5.2 

NW. 

.• 

98 

32 

W 

77 

96122 

!« 

W 

134 

115 

116 

145 

.. 

7 

47   0 

316 


REPORT   OP   THE   CHIEF   SIGNAL   OFFICER. 


Monthly  and  Ykarly  Metrorologicai.  Summakies— Con  tinned. 

CHEYENNE.  WYQ. 

[L*t.,  410  08'  N.;   Long.,  104°  48'  W.J 


Presaore. 

Temperature. 

Dew- 
point. 

Relative 
bumid- 
1     ity. 

Precipita- 
tion. 

• 

.a 

eS 

1 

Mean. 

• 
X 

u 

>> 

3° 

•• 

S 

0 

• 

S 

3 

O 

a 
m 

• 

mt0 

3 

U4 

• 

p 

s> 

• 

s 

• 

a 

a 

'  .§ 

S 

« 

• 

5 

E 

B 

5     d 

a 

eS 

p 

• 

A 

y. 

a 

'      X 

»• 

• 

• 

• 

o 

^ 

eB 

of 

& 

1    S> 

cS 

m^m 

08 

.M 

es 

^ 

e 

f* 

o          * 

S 

^ 

« 

00 

00 

o 

o 

9 

o 

00 

o 

X 
0/ 

/'ft 

X 

% 

H 

:5 

In. 

1889. 

In. 

In. 

o 

o 

In. 

Jan  .. 

23.92 

.81 

18.3  24.0 

24.7 

51 

0 

36.2 

13.2 

2 

4 

54 

49 

.2.\     .08 

Fob . . 

23.96 

.82 

19.1   2(5.1 

24.8 

54 

—16 

35.6 

14.0 

6 

9 

60 

53 

.62     ,24 

Mar.. 

24.00 

.79 

28.4   43.9 

38.4 

62 

15 

51.5 

25.4 

15 

11 

61 

32 

.26     .19 

Apr.. 

24.02 

.67 

38.4   50.5 

45.6 

72 

22 

56.9 

34.4 

23 

21 

60 

41 

1.24     .'S: 

May. 

23.98 

.87 

42.5  53.6 

49.5 

78 

24 

61.2 

37.8 

31 

32 

67 

51 

2.85   1.4:. 

Jane. 

24.08 

.43 

53.1 

64.7 

59.0 

87 

31 

72.1 

45.8 

41 

40 

66 

46 

3.67    1.2i 

July. 

24.10 

.39 

59.8 

74.6 

68.2 

a") 

38 

82.7 

5:<.  6 

42 

38 

56 

3'J 

1. 23     .  r>7 

Aug.. 

24.13 

.38 

57.1 

74.8 

6-.1 

92 

42 

83.1 

53. 1 

42 

37 

61 

30 

.71     .-.::» 

Sept  . 

24.08 

.58 

44.4 

61.6 

55.0 

87 

28 

09.5 

40. 6 

23 

22 

50 

27 

.54     .47 

Oct  .. 

24.10 

.59 

38.6 

50.8 

48.1 

81 

22 

60.3 

3:>.9 

23 

25 

60 

48 

2. 58     .  87 

Nov.. 

24.06 

.59 

25.7 

29.8 

:w.  2 

61 

1 

40.0 

20.4 

13 

16 

62 

59 

.56     .46 

Dec. 

23.92 

.69 

32.2 

35.2 

36.5 

60 

6 

47.1 

25. 9 

16 

15 

54 

47 

.16;     .OS 

Year  . 

24.03 

o.as 

38.1 

49.1 

45.7 

95 

—16 

58.0 

33.3 

23 

22 

59 

43 

14.65 

«  •  «  •  • 

CHICAGO,  ILL. 

[Lat.,  410  52'  N.;    Long.,  87°  38'  W.] 


Jan.. 

29.22 

Feb . . 

29.34 

Mar.. 

29.24 

Apr.. 

29.25 

May  . 

29.19 

June. 

29.22 

July. 

29.22 

Aug.. 

29.32 

Sept  . 

29.26 

Oct.. 

29.37 

Nov.. 

29.30 

Deo.. 

29.28 

Year. 

29.27 

1.46 

1.47 

.67 

.86 

.53 

.73 

.  52 

.47 

.74 

.84 

1.07 

1.16 

0.88 


25.8 

30.9 

16.3 

21.9 

34.3 

39.2 

44.0 

47.1 

52.4 

57.0 

59. 9 

62.5 

68.5 

71.6 

()6.4 

72.7 

58.2 

64.8 

45.7 

51.6 

35.9 

39.5 

37.9 

41.8 

45. 4 

50.0 

29.0 
19.9 
38.4 
46.8, 
5(5.8 
62. 3i 
70. 5j 
70.61 
62.8 
49.4 
38.6 
40.6 

48.8 


55 


0 
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20 


08 
T.\ 
88 
86 
90 
88 
84 
79 
57 
64 

90 


29 
3(> 
42 
54 
54 
35 
35 
12 
15 

-11 


a5.o 

26.8; 
44.7' 
52. 9; 
64.5 
69.5 
77. 2! 
77.8, 
69.9 
55.2 
43.1 
47.2 


23.0 
13.0 
3i.  1 
40.7 
49.1 
55.1 
63.8 
63.3 
55.7 
43.5 
34.0 
34.1 


55.3  42.3 


22 

26 

84 

12;    17 

84 

28,    30 

81 

37     39 

77 

43     46 

72 

54;    54 

82 

60 

61 

75 

55 

59 

68 

50     52 

74 

38 

40 

74 

32 

34 

86 

31 

34 

78 

38 

41 

78 

811  1.64 

81 

71 

74 

70 

76 

70 

63 

64 

66 

8O] 

74: 


1.31 
1.43 
2. 35 
5.38 
2.93 
9.56 
0.39 
2.75 
1.82 
3.49 
1.90 


72,34. 95 


.68 
.44 
,i« 

1.03 

1.4J 
,68 

4. 02 
.Ifi 

2.(»8 

1.47 
0.95 


CINCINNATI,  OHIO. 

[Lat.,  390  G'  N.;   Long.,  84©  SO'  W.] 


Jan  . 
Feb . 
Mar. 
Apr. 
May 
Jnne 
July 
Aug. 
Sept 
Oct . 
Nov. 
Dec. 

Year 


29.38 

29. 48 
29. 32 
29.34 
29. 32 
29.36 
29.34 
29.44 
29.40 
29. 46 
29. 43 

29. 49 

29.40 


L28 
1.20 
.78 
.89 
.74 
.58 
.48 
.34 
.68 
.68 
L02 


0.79 


34.4 
26.3 
39.8 
48.2 
57.3 
65.6 
70.7 
(»6. 7 
59.8 
45. 9 
40.4 
44.6 


38.6 
33.2 
49.4 
59.9 
67.8 
73.4 
78.6 
77.5 
69. 2 
54.7 
43.9 
50.  (I 


50.0  58.0 


37.2 
30.3 
45.8 
54.4 
62.8 
69.6 
75. 5 
72.3 
66.2 
5L6 
43.1 
48.2 

54.8 


58 

19 

4:^.4 

30.9 

28 

30 

68l      6 

38. 6 

22. 0 

19 

24 

76 

25 

54.8 

36.7 

29 

34 

83 

25 

64.3 

44.5 

37 

36 

90 

38 

72.8 

52.8 

46 

48 

88 

39 

77.9 

61.4 

58 

59 

92 

I'l 

84.2 

66.8 

65 

65 

92 

5() 

82.6 

62.0 

58 

58 

92l    40 

75.0 

57. 5 

53 

54 

80     30 

59.7 

43.4 

40 

41 

72 

20 

49.4 

36.8 

36 

36 

69 

21 

56.6 

39.7 

38 

42 

92 

6 

63.3 

46.2 

42 

44 

76 
74 
67 
66 
67 
76 
82 
74 
80 
79 
84 
80 

75 


73 

2.:» 

69 

1.72 

58 

0.61 

43 

l.vl 

52 

2.52 

62 

4.03 

64 

4.55 

51 

0.26 

61 

4.31 

62 

2.03 

74 

5. 28 

74 

2.02 

62 

30.92 

0.83 
0.©) 
0.36 
0.  l»8 
1.54 
L14 
2.40 
0.13 
LftO 
0.95 
LIO 
0.93 
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Monthly  and  Yxarlt  Mbteorological  Suhmaries — Continaed. 

CliEVELAND,  OHIO. 

[Lat,  410  31'  N. ;  Long.,  81°  W  W.] 


FtOMnze. 

Temperatore. 

Dew- 
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Relatiye 

hnmid- 

ity. 

Precipita- 
tion. 
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• 
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o 
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o 
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•p4 
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M 

00 
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00 
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o 

"^ 
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00 

o 

00 

o 

00 

00 

% 

H 

s 

1889. 

In. 

In. 

o 

o 

/». 

/«. 

Jan.. 

29.20 

1.31 

30.0 

33.1 

32.6 

57 

13 

38.5 

26.8 

25 

L»6!    §2 

76 

3.13 

1.16 

Feb.. 

29.30 

1.27 

20.1 

25.1 

23.2 

56 

—  7 

30.2 

16.3 

14 

17 

79 

71 

1.24 

.27 

Mar.. 

29.16 

.86 

34.7 

38.1 

37.4 

64 

22 

44.1 

30.8 

27 

t>8     75 

71 

2.07 

1.63 

Apr.. 

29.21 

1.04 

45.4 

47.6 

46.7 

83 

25 

54.2 

:<9.2 

37 

36     73 

67 

1.99 

.60 

May  . 

29.17 

.59 

56.3 

61.8 

59.1 

89 

34 

67.7 

50.5 

45 

46 

67 

59 

4.13 

1.88 

June. 

29.22 

.72 

63.3 

67.8 

65.4 

88 

41 

72.7 

58.2 

56 

r>7 

76 

70 

1.65 

.92 

July. 

29.20 

.551 

68.8 

74.2 

71.0 

92 

53 

79.5 

62.6 

6-2 

64 

78 

73  4.32 

1.36 

Ang.. 

29.30 

.52 

64.4 

71.0 

68.2 

88 

50 

77.1 

59.4 

56 

57 

75 

62  1.23 

.40 

Sept . 

29.24 

.72 

59.4 

64.2 

63.2 

89 

43 

71.2 

55.3 

52 

55 

78 

72,  4.29 

1.50 

Oct.. 

29.29 

.81 

46.0 

48.9 

47.6 

72 

29 

53.8 

41.3 

37 

40 

71 

72,  1.56 

.71 

Nov.. 

29.25 

1.16 

39.9 

42.4 

41.8 

66 

18 

47.3 

36.3 

35 

34 

82 

74   3.72 

1.03 

Dec.. 

29.30 

.96 

40.5 

42.2 

42.0 

66 

19 

49.2 

34.7 

33 

32 

77 

70 

3.24 

.70 

Year. 

29.24 

.88 

47.4 

51.3 

49.8 

92 

—  7 

57.1 

42.6 

40 

41 

76 

7032.57 

COLORADO  SPRINGS.  COLO. 
[Lat.,  883  51/  K. ;  Long..  IO40  47'  W.] 


.Tan . 

Feb. 

Mar. 

Apr. 

May 

Jnne 

Jnly 

Ang. 

Sept 

Oct. 

Nov. 

Deo. 


Year 


16.4 
20.0 
31.3 
41.6 
48.2 
56.8 
62.9 
61.5 
48.6 
40.6 
25.3 
30.7 

40.3 


25.5 
31.7 
47.5 
55.3 
59.5 
68.5 
76.5 
75.1 
64.4 
52.8 
31.6 
40.3 

52.4 


26.4 
28.1 
41.0 
49.4 
53.8 
62.2 
69.8 
70.8 
58.2 
50.0 
31.8 
40.8 

48.4 


55 

56 
68 
76 
79 
91 
96 
94 
90 
81 
62 
68 

96 


-4 

-8 

18 

26 

31 

36 

45 

47 

28 

23 

6 

5 


39.1 
42.1 
54.1 
61.9 
66.2 
76.0 
83.8 
85.2 
72.6 
61.8 
42.5 
54.0 

61.6 


11.7 
14.1 
27.-8 
36.8 
41.4 
48.3 
55.9 
56.5 
43.8 
38.1 
21.1 
27.6 

35.3 


3 

7 
20 
28 
34 
41 
48 
48 
32 
30 
17 
24 

28 


12 
18 
27 
33 
37 
45 
50 
52 
41 
35 
19 
24 

33 


58 
60 
65 
62 
61 
57 
61 
63 
56 
70 
72 
77 

64 


60 
62 
48 
47 
49 
46 
44 
47 
46 
55 
62 
54 

52 


.16 

.60 

.12 

1.17 

2.34 

L77 

2.88 

1.49 

.86 

2.08 

.16 

.14 

13.77 


.12 
.42 
.06 
.41 

1.09 
.56 

1.26 
.47 
.78 
.90 
.08 
.14 


COLUMBUS,  OHIO. 

[Lat.,  890  68'  N. ;  Long.,  83o  (K  W.  1 


Jan.. 

29.15 

1.31 

81.1 

35.2 

34.2 

56 

16 

40.4 

27.9 

26 

28 

81 

76 

3.37 

.77 

Feb.. 

29. 1» 

1.21 

22.0 

28.8 

26.4 

62 

1 

33.2 

19.5 

16 

•  21 

79 

75 

1.06 
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Mar.. 

29.10 

.86 

36.0 

44.5 

42.2 

74 

21 

51.2 

33.1 

27 

30 

73 

61 

.66 

.20 

Apr.. 

29.13 

.96 

47.3 

54.9 

51.8 

82 

22 

61.6 

42.1 

37 

38 

68 

54 

.83 

..38 

May  . 

29.10 

.67 

56.9 

63.4 

61.4 

91 

36 

71.6 

51.3 

48 

48 

74 

60 

3.92 

1.27 

Jnne. 

29.14 

.64 

63.9 

69.3 

67.7 

86 

42 

76.3 

59.1 

57 

58 

80 

70 

2.77 

.57 
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29.11 

.52 

69.9 

76.1 

74.1 

92 

56 

84.0 

64.2 

62 

62 

77 

64 

2.94 
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29.22 

.43 

65.4 

73.9 

70.2 

91 

51 

81.0 

59.5 

67 

•55 

74 

54 

1.59 

.64 
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29.18 

.71 

58.8 

65.3 

63.8 

91 

38 

73.3 

54.2 

52 

53 

79 

66 

3.34 

1.54 

Oct.. 

29.22 

.65 

43.7 

50.9 

49.0 

78 

29 

57.3 

40.8 

37 

38 

77 

62 

1.83 

.81 

Nov.. 

29.18 

1.12 

38.8 

42.1 

41.2 

67 

21 

47.2 

»3.3 

34 

34 

84 

75 

3.8^^ 

.95 

Dec. 

29.25 

.81 

41.1 

45.7 

44.6 

67 

20   52.3 

36.9 

34 

37 

76 

72 

2.36 

1.36 

Year. 

29.17 

.82 

47.9 

54.2  52.2 

92 

1 

60.8 

43.7 

.  41 

42 

77 

66 

28.50 
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HONTHLT 


Ykaklt  Hrteobo logical  Suhmaribs— ContiDaed. 
CLEVELAND,  OHIO. 
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Monthly  A2n>  Ykably  Mbteoroixwical  Bumuariks— Contisoed. 

CONCORDIA,  KAN8. 


[Lat.,  390  SS'  N 
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50 
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5.65 
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Oct.. 

28.64 

.64 

44.1 

54.8 

5:?.  1 

85 

28 

6:1 9',  42. 3 

40 

45 

87 

73 

1.90     .7-2 
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73 
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Dec. 

28.54 

1.31 
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42.9 
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4 

52.6 

31.3 

29 

32 

m 
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28.57 

.88 

44.8 

56.0 

52.8 

97 

—  7 

63.5 

42.0 

39 

43 

82 

65 

34.47 

CORPUS  CHRISTI,  TKX. 

[Lftt.,  270  49'  N. ;  Long.,  fT©  26'  W.  ] 


Jan. 

Feb. 

Mar. 

Apr 

May 

June 

July 

Aug. 

Sept 

Oct . 

Nov.. 

Dec.. 

Year 


30.08 
30. 12 
30.021 
29. 98; 
29. 98; 
29.94: 
29.97i 
29. 98j 
29. 95| 
30.06 
30.14 
30.14 

30.03 


.74 

52.1 

.75 

55.4 

.60 

58.0 

.57 

69.7 

.52 

72.8 

.35 

78. 5 

.30 

81.0 

.21 

79.1 

.48 

73.6 

.52 

69.9 

.77 

55.3 

.56 

66.4 
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67.6 

57.2 
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63.8 
73.1 
76.0 
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84.  a 
83.7 
79.2 
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63.3 
63.8 

72.1 


55.1 
57. 0 
61.3 
71.5 
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80.8 
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73.0 
60.1 
68.4 

69.9 
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76 
81 
83 
84 
91 
91 
94 
88 
88 
82 
80 

94 
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56 
69 
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54 
40 
46 

34 


61.0 
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67.1 
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86.1 
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79.4 
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55. 5 
66.1 
69.3 
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52.6 
G3.9 

64.5 


^^1 
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54 1 
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68 

7:^ 

76 

75 

69 

65 

63 

64 


"3 
56 

76 
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71 

66 
55 
65 

65 


8H 
91 
88 
87 
85 
88 
86 
88 
87 
84 
84 
90 

87 
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88 
78 
78 
78 
82 
77 
75 


5.471 
3.61, 
3.24! 
1.06. 
4.21 
2.96 
0.50 
3.00 


7812.69 


74 
75 
85 


0.48 
3.91 
0.14 


79141.27 


1.43 
1.0-2 
1.N1 
0.90 
2.H?< 
1.4? 
0.i« 
1.27 
3.72 
0.  ir. 
1.91 
0.(« 


FORT  CUSTER,  MONT. 

[Lat.,  450  42-  N. ;  Long.,  107©  34'  W.J 
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1          i 

30 
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53  7.48 
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REPORT   OF   THE  CHIEF   SIGNAL  OFFICER. 


Monthly  and  Tkarlt  Metborolooicajl  Summajuxs — Continaed. 

DAVENPORT,  IOWA. 

[Lat,  4V>  W  K. ;  Long.,  90P  3»  W.] 
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80 
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0.71 
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41.0 

69 

23 

50.4 

31.7 

28 
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1.74 

1.39 

Apr.. 

29.38 
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55.2 

50.8 

76 

25 

60.5 

41.0 

36 

38 

75 

55 

3.89 

2.21 

May  . 

29.30 
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6a.  0 

86 
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68.7 
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29.:i9 
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52. 8 
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92 

—12 
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41.2 

38 

41 

80 

6637.61 

DENVER,  COLO. 

[Lat,  390  45'  N.;  Long..  lOSP  W.] 


Jan . 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept 

Oct . 

Nov. 

Deo. 

• 

Year 


24.71 
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24.73 
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24. 76 
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0.34 
0.57 
2.08 
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1.18 
0.^ 
0. 15 
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0.21 
0.22 


DES  MOINES,  IOWA. 
[Lat,  410  35'  N. ;  Ix)ng.,  939  37'  W.] 


Jan  . 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept  . 

Oct. 

Nov. . 

Dec.. 

Year  . 


29.12 
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29.01 
29.05 
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29.13 
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29.12 


1.12 

17.5 

1.55 

15.2 

0.79 

31.5 

.94 

43.7 

.88 

54. 8 

.76 

61.9 

.46 

67.8 

.41 

63.9 

.70 

54.7 

.77 

40.2 

.99 

27.4 

1.21 

33.8 

0.88 

42.7 

26. 0, 

24.0, 

46. 9 

.'>7. 0 

66.2 

72.8 

77.3 

76.fi 

64.5 

52.2 

37.6 

41.1 


53.5 


23.0 
21.0 
42.2 
51.8 
60.9 
67.8 
73.8 
72.1 
62.8 
49.2 
34.8 
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MOKTHLY  AND  YlAKLT  HKTKOBOLOOICAL  SUMUAKIKS— Contrni 
DAVENPOBT,  IOWA. 
[S=»li.    T=13.    k^^tt.\ 
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Monthly  and  Yearly  Mbtbobological  SuifKrARiics — CootinaecU 

DETROIT,  MICH. 

(Lat.,  420  20^  N. ;  Long.,  88o  03'  W.] 
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Monthly  and  Tearly  Mbteorolooical  Suxmaribs— Contiuned. 

DETROIT,  MICH. 
[J7=6e8.    T=Sl.    A  =  72.J 
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Monthly  and  yBARi.T  Mbtkorological  SuMMAitnES — Continued. 

FORT  DU  CHE8NE,  UTAH: 

[Lai..  40O  86^  N. :  Long..  I6O0  W  W.] 
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MONTnLY  AND  YSABLY  METEOROLOGICAL  SUMMARIES— Con tinned. 

FORT  ELLIOTT,  TEX. 
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MOVTKLY  AND  YjBABLY  MSTEOROLOQICAL  SUMMARIES — Coutiuued. 
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Apr.. 

4.6 

11.0 

35;    N. 

s. 

6 

6 

2 

l5i 

21 

6 

1 

6 

0 

11 

10 

9 

4 

0 

0 

0 

0 

0 

May  .14.1 

13.2 

{?o 

E. 

s. 

6 

7 

2 

15 

21 

4 

2 

5 

0 

12 

11 

8 

2 

0 

0 

^  ^ 

2 

0 

J 11  tie., 5. 4 

10.7 

30  SE. 

s. 

1 

0 

2 

14 

33 

9 

0 

1 

0 

7 

14 

9 

9 

0 

0 

0 

4 

0 

July  .'4.1 

9.9 

24'    S. 

sw. 

0 

0 

1 

4 

21 

29 

6 

0 

1 

17 

7 

7 

3 

0 

0 

1 

1 

0 

Ang.- 

5.5 

9.6 

44   NE. 

SE. 

113 

9 

16 

14 

7 

0 

2 

0 

10 

9 

12 

10 

0 

0 

3 

0 

0 

Sept . 

5.3 

11.9 

361    N. 

SE. 

8;io 

4 

15 

11 

8 

1 

1 

2 

11 

10 

9 

12 

0 

0 

0 

2 

0 

Oct.. 

2.1 

8.5 

36     N. 

NE. 

2;14 

6 

11 

8 

12 

1 

7 

1 

28 

2 

1 

0 

0 

0 

0 

0  0 

Nov.. 

4.2 

10.9 

54*  NW. 

N. 

11 

5 

7 

11 

6 

2 

9 

8 

1 

18 

4 

8 

8 

0 

0 

0 

1   0 

Dec. 

4.6 

9.2 

36|    N. 

S. 

3 

1 

1 

26 

25 

4 

1 

0 

1 

15 

7 

9 

4 

0 

0 

0 

Oj  0 

Year . 

4.8 

10.8 

S. 

77 

77 

61 

153 

188 

98 

30 

39 

7 

156 

88 

121 

86 

0 

0 

4 

12 

0 

GRAND  HAVEN,  MICH. 

[£r=62l.    r=56.    A=47.] 


Jan  .. 

7.9 

13.0 

60 

NW. 

sw. 

7 

5 

10 

7 

6 

11 

8 

8 

0 

4 

4 

23 

13 

12 

28  0  0 

0 

Feb.- 

9.0 

12.6 

48 

W. 

w.t 

5 

9 

12 

3 

4 

4 

12 

7 

0 

1 

4 

23 

19 

19 

28 

0  0 

0 

Mar . . 

5.0 

10.7 

28 

NW.t 

NE. 

10 

13 

9 

3 

5 

8 

4 

10 

0 

8 

15 

8 

6 

4 

24 

0  0 

0 

Apr . . 

6.0 

11.8 

37 

SW. 

NW.t 

5 

3 

10 

6 

11 

7 

7 

11 

0 

10 

7 

13 

13 

0 

8  o;  3 

0 

May  . 

6.6 

13.0 

33 

NW.t 

S. 

9 

7 

5 

5 

14 

7 

5 

10 

0 

2 

17 

12 

16 

0 

0  0   4 

0 

June. 

6.0 

9.4 

30 

S. 

S. 

4 

5 

5 

6 

19 

7 

6 

8 

0 

2 

18 

10 

18 

0 

0  0  3 

0 

July. 

4.0 

8.1 

35 

s. 

a. 

10 

0 

6 

8 

15 

7 

5 

10 

1 

14 

13 

4 

7 

0 

0   0  2 

0 

Aug.. 

8.3 

9.2 

:i2 

w. 

s. 

8 

3 

7 

8 

16 

10 

6 

4 

0 

16 

12 

3 

9 

0 

0   1    1 

0 

Sept. 
Oct .. 

(•) 
4.5 

(t) 
40 

s. 

10 

2 

7 

9 

12 

10 

4 

6 

0 

9 

0 

10.. 

6.6 

sw. 

NE. 

3 

14 

10 

4 

3 

4 

1 

6 

0 

12 

3 

8 

4 

0 

9,  0   1 

0 

Nov.. 

8.1 

10.4 

48 

sw. 

NE. 

811 

8 

5 

4 

7 

6 

10 

1 

3 

5 

22 

16 

1 

9  0  0 

0 

Dec 

7.0 

12.4 

56 

w. 

E. 

4 

3 

12 

10 

8 

11 

7 

6 

1 

6 

8 

17 

16 

2 

12  0  2 

0 

Year 

8. 

83 

75 

101 

74 

117 

93 

71 

96 

3 

146 

*  • 

120 

1.. 

FORT  GRANT,  ARIZ. 
[-flr=4,916B.    T=15.    A =4.] 


Jan  .. 

a.  8 

6.9 

36 

E. 

NW. 

13 

9 

11 

8 

0 

0 

5 

16 

0 

17 

9 

5 

4, 

0 

18 

0 

0 

0 

Feb.. 

3.0 

6.0 

48 

B. 

W.t 

7 

13 

6 

5 

2 

2 

13 

8 

0 

16 

7 

5 

5 

0 

8 

0 

D 

0 

Mar.. 

3.0 

8.1 

36 

SE. 

W. 

6 

8 

8 

8 

1 

9 

12 

9 

1 

15 

9 

7 

6; 

0 

0 

0 

1 

0 

Apr.. 

1,4 

6.0 

24 

8. 

NW. 

6 

14 

5 

6 

0 

0 

8 

21 

0 

24 

4 

2 

ll 

0 

0 

0 

0 

0 

May  . 

1.3 

7.0 

24 

N.t 

NW. 

14 

6 

11 

5 

1 

1 

8 

16 

0 

23 

8 

0 

0; 

0 

0 

2 

0 

0 

June. 

3.6 

7.0 

34 

SE. 

NW. 

7 

11 

8 

6 

0 

4 

9 

13 

2 

13 

12 

5 

5 

0 

0 

9 

4 

0 

July 

5.1 

6.4 

36 

SW. 

NW. 

3 

9 

10 

15 

0 

5 

1 

18 

1 

9 

13 

9 

11 

0 

020 

7 

0 

Ang-. 

3.8 

6.3 

26 

NE. 

S. 

11 

6 

14 

7 

16 

2 

3 

3  0 

15 

10 

6 

7I 

0 

027 

2 

0 

Sept. 

2.8 

8.2 

36 

NE. 

w. 

6 

6 

12 

2 

2 

3 

17 

12 

0 

19 

7 

4 

6 

0 

0 

6 

0 

0 

Oct .. 

1.8 

6.8 

28 

W. 

w. 

6 

5 

8 

3 

4 

7 

20 

9 

0 

24 

5 

2 

2, 

0 

0 

0 

1 

0 

Nov.. 

1.1 

5.9 

34 

E. 

w. 

3 

4 

7 

2 

2 

4 

24 

14!  0 

25 

4 

1 

3, 

0 

5 

0 

0 

0 

Dec.. 

4.9 

5.1 

26 

NE. 

w. 

11 

7 

8 

3 

2 

1 

17 

11  2 

12 

8 

11 

6 

0 

2 

0 

0 

0 

Year 

2.9 

6.6 

NW. 

93 

98 

108 

70 

30 

38 

137 

150*  6 

212 

96 

57 

56' 

0 

as 

64 

15 

0 

*  KecordB  destroyed  by  fire. 


I  Estimated. 
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REFOBT   OF   THE   CHIEF   SIGNAL   OFFICER. 


MOITTHLY  A2a>  YXAJEtLT  MSTBOBOLOOICAL  SUMMABIBB— Continaed. 

GREEN  BAT,  WIS. 
[LAt.,  440  81'  N. ;  Long.,  880  V  W.J 


PreMure. 

1 

Temperat 

nre. 

Dew- 
point. 

Relative 
humid- 
ity. 

Precipita- 
tion. 

i 

[max.  and 
un.). 

a 

a 

• 

a 

D 

Mean. 

i 

• 

S 

0 

73 

s 

• 

a 

0 

a 

0 

em 

5 
1 

1 

1 

/ft. 

a 

. 

a 

s 

a 
9 

a 

a 

22 

a 

J 

0 

• 

a 

a 

• 
Pi 

a 

• 

a 

• 

. 

cS 

^ 

:« 

00 
0 

00 

0 

0 

0 

0 

0 

00 

0 

00 

0 

00 

00 

5 

S 

1880. 

in. 

0 

\ 

% 

/ft. 

In, 

Jan .. 

'i9.32 

1.45 

16.6 

23.1 

80.2 

43 

—  2 

26.5 

13.8 

13 

1^ 

3^75 

2.i» 

Feb.. 

iJ9.44 

1.26 

6.7 

15.1 

10.6 

35 

-24 

18.8 

2.5 

2 

11 

82 

82 

3.32 

1.71 

Mar.. 

29.35 

.69 

30.2 

35.8 

34.0 

61 

16 

41.8 

26.2 

24 

27 

80 

73 

0.74 

0.42 

Apr.. 
May  . 

29.34 

1.02 

41.5 

47.6 

45.7 

74 

23 

55.3 

36.1 

32 

34 

70 

62 

1.09 

0.20 

29.30 

.60 

51.0 

55.7 

54.0 

82 

30 

63.7 

44.4 

42 

42 

72 

(i5 

4.75 

1.32 

June. 

29.32 

.77 

57.2 

62.2 

60.4 

85 

40 

69.3 

51.4 

52 

54 

83 

76 

3.06 

1.42 

July  . 

29.30 

.62 

65.6 

70.3 

68.6 

90 

50 

79.0 

58.3 

58 

58 

77 

67 

2.55 

0.92 

Aug.. 

29.38 

.57 

«:iH 

69.3 

67.4 

90 

43 

77.3 

57.5 

55 

57 

75 

66 

1.36 

o.» 

Sept . 

29.32 

.75 

55.5 

60.6 

60.1 

H« 

33 

68.7 

51.4 

50 

51 

83 

71 

4.68 

3.30 

Oct .. 

29.50 

.87 

38.2 

44.0 

43.2 

65 

26 

51.0 

35.3 

32 

34 

78 

69 

0.26 

0.12 

Nov.. 

29.40 

1.13 

28.9 

33.6 

:i2.3 

54 

6 

38.1 

26.5 

25 

26 

84 

75 

:i.62 

1.08 

Dec.. 

29.36 

1.26 

28.9 

33.0 

31,2 

50 

6 

36.7 

25.7 

25 

27 

86 

81 

3.38 

0.78 

Year. 

29.36 

.93 

40.3 

45.9 

44.0 

90 

—24 

52.2 

35.8 

34 

37 

80 

72 

32.56 

HARRISBURG,  PA. 

riAt,  400  le*  N. ;  Long..  7V>  62'  W.f 


Jan.. 

29.68 

1.40 

31.2 

34.0 

32.4 

62 

13 

39.3 

25.5 

24 

26 

76 

75 

2.86  0.62 

Feb.. 

29.78 

1.18 

22.4 

27.6 

25.2 

44 

—  1 

31.2 

19.2 

15 

20 

74 

73 

1.48i  0,71 

Mar.. 

29.56 

1.13 

37.3 

42.7 

40.8 

62 

23 

47.7 

34.0 

30 

34 

77 

74 

3.26:2.13 

Apr.. 
May  . 

29.62 

1.06 

47.8 

53.4 

51.8 

80 

34 

60.2 

43.3 

41 

43 

80 

m 

3.96 

1.10 

29.60 

.62 

58.8 

64.3 

62.6 

90 

40 

71.9 

53.4 

51 

53 

76 

68 

9.51 

6.16 

June. 

29.67 

.79 

65.1 

69.6 

68.5 

87 

.50 

76.8 

60.2 

58 

61 

78 

75 

7.18 

1.62 

July  . 

2^.62 

.57 

71.2 

74.7 

73.8 

92 

57 

81.8 

65.8 

64 

66 

81 

75 

8.68( 

S.26 

Aug.. 

29.72 

.61 

66.1 

71.0 

69.8 

85 

53 

78.9 

60.7 

60 

62 

82 

76 

3.58  1.50 

Sept  . 

29.68 

.77 

61.0 

64.2 

63.8 

82 

44 

70.3 

57.3 

55 

58 

81 

80 

4.53 

1.30 

Oct .. 

29.68 

.89 

46.2 

50.8 

50.2 

76 

29 

57.8 

42.5 

40 

44 

81 

78 

3.33 

0.98 

Nov.. 

29.72 

1.19 

41.2 

43.5 

42.8 

62 

24 

47.6 

38.0 

36 

37 

83 

79 

6.5^ 

1.36 

Dec.. 

29.80 

1.23 

37.4 

41.3 

40.2 

66 

14 

47.7 

32.6 

31 

34 

78 

75 

2.11 

0.46 

Year. 

29.68 

.96 

48.8 

53.1 

51.8 

92 

—  1 

59.3 

44.4 

42 

45 

79 

75 

57.07 

.  .•* . 

HATTERAS,  N.  C. 
[Lat.,  360 15'  N. ;  Long..  70o  4*'  W.] 


Jan.. 

30.07 

1.14 

47.3 

48.2 

47,6 

65 

32 

52,2 

42.9 

45 

45 

90 

90 

6.82  1,86 
4.52  2.11 

Feb.. 

30.16 

1.13 

42.5 

44.2 

43.6 

67 

22 

48.1 

39.0 

37 

39 

82 

83 

Mar.. 

29.92 

1.13 

46.3 

47.3 

47.1 

63 

:i5 

52.3 

41.9 

41 

42 

81 

82 

5.43 

1.98 

Apr.. 

29.94 

1.11 

56.2 

55.5 

56.4 

69 

38 

61.7 

51.2 

51 

51 

H3 

85 

10.08 

3.90 

May  . 

29.96 

.55 

67.9 

66.7 

68.4 

84 

52 

74.3 

62.5 

61 

60 

78 

80 

6.03 

3.06 

June. 

30.10 

.60 

73.4 

73,3 

73.5 

84 

58 

77.5 

69.5 

68 

68 

84 

84 

11.91 

2.09 

July. 

30.04 

.43 

77.4 

76.6 

77.8 

87 

67 

82.3 

73.3 

71 

71 

81 

84 

2.26 

.63 

Aug.. 

30.10 

.fc 

75.8 

74.6 

76.2 

84 

67 

80.4 

72.1 

70 

70 

82 

84 

5.30 

2.87 

Sept  . 

30.03 

.64 

70.6 

70.7 

71.0 

83 

^    57 

75.4 

66.7 

63 

65 

79, 

81 

5.09 

3.59 

Oct .. 

30.03 

.60 

60.4 

60.7 

61.0 

78 

46 

65.7 

56.2 

54 

55 

82 

8;^ 

4.84 

2.18 

Nov.. 

30.12 

.99 

56.9 

57.2 

57.6 

74 

35 

62.5 

.52.6 

51 

52 

80 

82 

4.70 

1.6H 

Dec. 

30.22 

.79 

52.9 

54.7 

54.6 

69 

38 

59.9 

49.3 

49 

51 

88 

89 

.26 

.22 

Year. 

30.06 

.79 

60.6 

60.8 

61.2 

87 

22 

66.0 

56.4 

55 

56 

82 

84 

67.24 

* 

BBFOBT  OF  THE  CHIEF  fUOHAL  OFFICEE. 

Monthly  utt>  Ykakly  Mbtburological  Suumariks — Continued. 
OHEEN  BAY,  WIS. 


* 

1 

5 

Wind. 

Nnmbwofdftya. 

I 

a* 

1 

iHi 

a 

1 

1 
1 

: 

3 

1 

Q 

s 

1 

t 

i 

1 

1 

1 

1 
1 

1 

i 

1 
1 

1 

J 
1 

i 

1 

1 

i 

i 

S 

5 

1 

f ' 

;» 

H 

K. 

11 

4 

1 

1 

4 

[> 

1 

»   IG 

vm 

:m 

«1 

Ir 

NKi 

H 

ft 

« 
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: 

t 
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4 

11 

i: 

•» 

1 

1 

', ' 

7 : 

)U 

N 

K 

14 

7 

\ 

J> 

3    e'  : 

1 

: 

It 

li 

4 

1 

•if, 

X- 

i  1 

;{i 

■<W  \ 

H 

1 

."i 

1 

II 

!■! 

:;!'    4  U 

ft 

U 

14 

1 

; 

1    II 

;  I 

91 

(- 

HK. 

A 

It 

7 

!i 

M 

!■! 

11  K 

1 

1 

14 

1 

\ 

1 

t 

1) 

7  1 

7,! 

nt> 

Ni; 

S, 

l« 

< 

II 

l-S 

'A  '' 

: 

i; 

( 
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1 

■- 

>  1 

«: 

:t 

w 

H 

7 

:! 
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H, 
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^ 
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1.1 

( 

fi!   1 

1 

! 

1   n 

f 

4 

2S 

( 

{ 

(1 

Dw- 

7.3 

B.U 

36 

N. 

S. 

B 

4 

H 

Id 

a 

:.,    4 

3 

b 

BIH 

IB 

b 

26 

0 

U  0 

Vew. 
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7.6 

" 

B. 
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64 
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NW 
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July. 

if 
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K 

NK. 
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( 

ir> 

ai 

;i.i 

:i.i 

If 

NW 

w. 

1 
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i| 

U 

W 

w 

f 

OM 
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NW 

N 

14 

7  ( 

J.  4.3J 

NW 

w 

r. 

; 

M 

Dec.. 

-..3 

ti.el&4 

W. 

E. 

4 

4 

lb 

1 

Year. 

G.7 

H" 

W. 

a. 

63 

L17 

4 
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h 
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9  11 

11 
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NW. 

N. 
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1( 

( 
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Mar- 
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NW 
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11 

: 

i: 
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la 

11 

IS 
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Vi 
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NW. 

N 
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11 
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ft 

H 

11      4 
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H. 

s 
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16 
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11 
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W 

H. 
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1 
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1 

.I  n 
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n 

14 

: 
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11 
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1 
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N 
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i: 
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> 
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\ 

NK 
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; 
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( 

1 
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u 
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MONTIILT  AND  YEARLY  METEOROLOGICAL  SUMMARIES— Continued. 

HELENA,  MONT. 
f  Lat.,  4«o  84'  N.  i  Long.,  1120  4'  W.) 
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Monthly  and  Ybarlt  Mbtkobolooical  Sommariks— Continaed* 

JACKSONVILLE.  FLA. 

[Lat.,  80O  20^  N. :  Long.,  81o  ^  W.] 
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Monthly  and  Ybarlt  Mbteorologigax  Summabib8— Continned. 

LEAVENWORTH,  KAKS. 
[Lat.  890 IV  N.;  1x»ii>r.,  Mo  57'  W.] 
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69 
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66.0 
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78.1 

53.9 
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57 
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7.14 
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40.1 
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0.27 

Year. 

29.36 

.84 

52.5 

57.5 

57.2 

96 

7 

66.8 

47.6 

45 

48 

76 

73 

60.56 

BEPOHT  OF  THE  CHIEF  SIGNAL  OFFICEB. 


>  YBARLY  HBTROKOLOaiCU.  SUUMAKIKS— ContiDiied. 

LOS  ANGELES,  CAL. 
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Monthly  aiw  Ybakly  Mbteorological  Summaries— CoBtinaed. 

FORT  MAGINNIS,  MONT. 


[Lat,  470  12'  N. 

;  LoDK-,  1090  IV  Vr.] 
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MANCHESTER,  N.  H. 

[Lat.,  42°  SS'  K.  I  Long.  71o  28^  VT,] 


Jan.. 

29.73 

1.51 

26.6 

30.4 

29.9 

60 

3 

37.8 

22.0 

21 

23 

80 

74 

2.79    .90 

Feb.. 

29.80 

1.61 

17.4 

21.8 

20.7 

50 

—  9 

29.5 

11.9 

12 

14 

78 

72 

1.71 

.50 

Mar.. 

29.61 

1.57 

32.4 

36.3 

35.6 

62 

14 

43.9 

27.4 

22 

24 

68 

63 

2.10 

.89 

Apr.. 

29.72 

1.05 

45.3 

47.4 

48.0 

79 

24 

5«.3 

37.7 

33 

34 

66 

62 

2.45 

1.18 

May  - 

29.70 

.72 

57.4 

60.5 

60.0 

94 

36 

71.7 

48.2 

46 

48 

68 

66 

2.29 

.80 

June. 

29.74 

.93 

65.5 

67.2 

67.4 

HH 

42 

77.0 

57.7 

57 

58 

74 

74 

3.04 

.89 

July  . 

29.72 

.64 

66.9 

67.6 

68.6 

87 

52 

76.9 

60.2 

59 

60 

78 

79 

5.38 

1.43 

Aug.. 

29.80 

.61 

63.1 

65.3 

65.7 

85 

43 

75.6 

55.8 

56 

5« 

78 

78 

1.72 

,& 

Sept  . 

29.80 

.97 

58.5 

60.4 

61.8 

85 

38 

70.1 

53.4 

52 

55 

81 

83 

3.32 

1.50 

Ocl.- 

29.78 

.92 

43.2 

44.5 

45.9 

71 

22 

54.5 

37.3 

36 

38 

78 

78 

3.52 

.87 

Nov.. 

29.78 

1.27 

38.4 

40.4 

41.0 

65 

18 

47.8 

34.1 

32 

32 

80 

74 

5.01 

2.08 

Deo-. 

29.84 

1.68 

29.3 

32.1 

32.6 

63 

4 

41.2 

24.0 

23 

24 

78 

75 

3.61 

.83 
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MANISTEE,  MICH. 
[Lat,  i4f>  W  K. ;  Long.,  W>  IV  VT,] 


Jan  .. 
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Apr. 
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Deo.. 
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HoMTHLT  AND  Xbarlt  Hstsorolooical  SnHHARiEB — Continoed. 
FORT  MAGINNIS,  MONT. 
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MOIfTHLT  AND  YBA.RLY  MSTBOBOLOGICAL  SUBIXARIBS—Continaed. 

MARQUETTE,  MICH. 

[Lat..  460  34'  N.;  Looff.,  87o  24'  W,] 


i 

>» 


-*» 
d 
o 


1889. 
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FORT  McKINNEY,  WYO. 
[Lat.,  430  48^  N. ;  Long.,  lOOo  10'  W.] 
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REPORT   OP   THE   CHIEF   SIGNAL   OFFICER. 


Monthly  and  Teakly  MBTBokoLOOiCAL  Summaries— Continned. 

MERIDIAN,  MISS. 
[Lat,  zap  21'  N. ;  Long..  9SP  iV  VT.] 
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HOMTBLY  AMD  YEARLT  MBTKDUOLOaiCAL  SUMH4KIHS — CUDtiDOed. 
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BEPOBT  OF   THE   CHIEF   SIGNAL   OFFICEB. 


Monthly  and  Ykakly  Mstborolooical  Summaries— Continued. 

MONTGOMERY,  ALA. 
fLat,  820  2y  K. ;  Long..  gOO  18^  W.] 
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BEPOBT  OF  THE   CHIEF  SIGNAL   OFFICES. 


Monthly  anp  Ysably  Mbteobolooical  Summaries— Continued. 

NANTUCKET,  >IASS. 

[Lftt.,  iio  17'  N. ;  Loog..  70O  6'  W.J 


Pressure. 

Temperature. 

Dew- 
point. 

Belative 
humid- 
ity. 

Precipita- 
tion. 

i 

• 

0 

& 

a 

• 

a 

n  (max.  and 
(min.). 

. 

a 

0 

a 

a 

0 

a 

Mean. 

• 

a 

• 

a 

• 

a 

« 

a 

• 

e 

0 

O 

.0 

s 

o 

• 

a 

5 

• 

a 

0 

•  a 

a 

0 

J 

§ 

J 

1 

In. 

«i 

04 

J 

o 

mm* 

8 

0 

at 

• 

04 

C8 

« 

8 

:^ 

:si 

o 

00 

o 

% 

o 

o 

s 

7^ 

QO 

30 

00 

00 

H 

^ 

1H89. 

In.  . 

o 

o 

o 

0 

O 

1 

^ 

In. 

/«. 

Jan .. 

30.00 

1.45 

'36.1 

36.9 

37.7 

54 

16 

43.9 

31.5 

:« 

34 

5. 03 

1.91 

Feb.. 

30.07 

1.45 

27.5 

28.6 

27.9 

48 

4 

33.9 

21.9 

24 

24 

87 

85 

4.23 

1.60 

Mar.. 

i29.84 

1.45 

36.5 

36.6 

36.4 

52 

26 

40.8 

32.1 

33 

33 

H8 

89 

5.46 

1.29 

Apr.. 

29.96 

1.02 

45.4 

43.8 

44.4 

62 

32 

49.1 

39.7 

43 

40 

92 

H9 

4.02 

.96 

May  . 

29.97 

.75 

55.6 

53.2 

54.2 

69 

40 

60.3 

48.2 

52 

50 

89 

89 

2.26 

1.78 

June. 

30.03 

.90 

64.5 

62.3 

63.6 

76 

52 

69.0 

58.2 

61 

50 

89 

H9 

3.45 

2.15 

July  . 

29.99 

.64 

68.4 

65.8 

67.1 

79 

57 

72.5 

61.5 

65 

62 

88 

88 

2.92 

.87 

Aug.. 

30.06 

.57 

6?'.7 

66.6 

67.4 

80 

59 

71.8 

63.  Q 

65 

62 

8H 

85 

11.05 

5.73 

Sept  . 

30.04 

.88 

63.9 

62.6 

63.0 

76 

50 

67.7 

58.2 

60 

58 

87 

87 

3.12 

.80 

Oct.. 

30.00 

.85 

52.9 

.52.6 

52.0 

68 

41 

56.5 

47.4 

49 

48 

86 

86 

6.58 

2.08 

Nov., 

30.06 

1.26 

47.8 

47.5 

46.1 

60 

28 

50.7 

41.5 

43 

42 

84 

a3 

7.80 

1.87 

Dec 

30.12 

1.61 

41.4 

42.3 

39.0 

54 

24 

45.7 

32.2 

36 

38 

84 

84 

2.07 

.42 

Year. 

30.01 

1.07 

50.7 

49.9 

49.9 

80 

4 

55.2 

44.6 

47 

46 

88 

87  57.99 

•    «  a  *  • 

NASHVILLE.  TENN. 
[Lat..  80O  KK  N. ;  Lonff.,  SQP  47'  W.J 


Jan .. 

29.49 

.89 

34.9 

42.3 

40.0 

61 

20 

47.6 

32.5 

31 

34 

85 

74 

3.83 

1.17 

Feb.. 

29.60 

.88 

31.9 

40.9 

:^.b 

70 

12 

46.1 

29.5 

26 

30 

8! 

m 

1.84 

.80 

Mar.. 

29.41 

.79 

42.3 

54.41  50.4 

78 

26 

60.5 

40.3 

36 

36 

79 

53 

2.47 

.72 

Apr.. 

29.42 

.73 

53.4 

64.  ll  60.0 

85 

33 

70.7 

49.4 

44 

43 

71 

50 

2.83 

1.27 

May  . 

29.43 

.64 

59.9 

69.7  65.8 

91 

40 

77.4 

54.3 

51 

49 

74 

50 

5.00 

2.20 

June. 

29.46 

.48 

68.3 

73.8  72.1 

88 

46 

80.9 

63.3 

62 

63 

80 

70 

5.:« 

L05 

July  . 

29.42 

.39 

73.8 

79.3 

78.2 

93 

62 

87.2 

69.2 

69 

69 

84 

71 

2.74     .71 

Auk.. 

29.50 

.27 

68.5 

77.3 

7.5.0 

90 

58 

85.3 

64.6 

63 

64 

84 

64 

1.57 

.94 

Sept  . 

29.47 

.a9 

61.6 

70.6 

68.6 

91 

40 

78.6 

58.5 

58 

59 

86 

67 

6.81 

1.62 

Oct.. 

29.52 

.61 

43. 2 

60.1 

57.2 

83 

30 

68.4 

45.9 

44 

46 

85 

60 

1.54 

.64 

Nov.. 

29.54 

1.06 

43.2 

48.3 

47.7 

74 

23 

55.2 

40.2 

38 

39 

84 

72 

6.88 

1.25 

Dec. 

29.62 

.67 

50.5 

58.4 

56.4 

73 

25 

64.7 

48.0 

44 

46 

79 

66 

1.17 

.64 

Year. 

29.49 

.68 

53.0 

61.6 

59.1 

93 

12 

68.6 

49.6 

47 

48 

81 

64 

42.01 

NEW  HAVEN,  CONN. 

ILat,  410  18'  N.;  Long.,  72©  W  W.] 


Jan .. 

29.91 

L47 

3L2 

34.8 

34.2 

55 

11 

40.3 

28.1 

25 

28 

77 

78 

4.47 

L14 

Feb.. 

80.00 

L38 

21.1 

26.4 

25.0 

49 

—  3 

32.2 

17.9 

13 

19 

72 

74 

2.08 

.98 

^ar.. 

29.77 

L37 

35.0 

38.2 

38.7 

62 

22 

46.3 

3L1 

27 

30 

73 

76 

1.44 

.29 

Apr.. 

29.86 

L18 

45.9 

48.4 

48.6 

71 

32 

57.0 

40.2 

38 

:{9 

74 

73 

4.01 

Lll 

May  . 

29.86 

.73 

56.8 

58.7 

.59.6 

91 

37 

68.9 

50.4 

50 

52 

79 

81 

3.81 

L15 

June. 

29.92 

.88 

65.1 

66.3 

07. 4 

85 

47 

75.7 

59.0 

60 

61 

85 

85 

3.17 

L35 

July  . 

29.88 

.63 

68.9 

70.3 

70.0 

88 

55 

77.5 

62.5 

64 

64 

85 

82 

17. 08.  6. 15 

Aug.. 

29.96 

.59 

65.9 

68.4 

68.5 

85 

50 

76.8 

60.2 

60 

62 

81 

81 

4.38 

L92 

Sept  . 

29.93 

.89 

61.1 

62.5 

63.0 

80 

42 

69.9 

56.2 

57 

58 

87 

87 

4.98 

L40 

Oct.. 

29.92 

.83 

45.9 

48.9 

48.8 

72 

28 

56.3 

4L3 

39 

41 

78 

76 

3.96 

L06 

Nov.. 

29.96 

L28 

42.5 

44.0 

44.2 

63 

20 

50.1 

38.3 

37 

37 

82 

77 

7.78 

2.02 

Dec. 

30.04 

1.41 

35.3 

38.6 

38.8 

68 

8 

47.2 

30.5 

28 

31 

76 

76 

2.62 

.97 

Year. 

29.92 

1.05 

47.9 

50.5 

50.6 

91—  3 

58.2 

43.0 

42 

44 

79 

.79 

59.78 

REPOET   OP   THE   CHIEF   SIGNAL    OFFtCEB.  357 

UoHTHLT  AND  Ybarly  Ubtkorological  Sumuarixs— ContinnBd. 
NAMTUCKET,  MASS. 
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0 

5.3 

11.4 

8W.   a 

S  9^ 

72 

42 

112 

135 

100 

U8 

0 

135 

t05 

135 

Ht 

0 

7 

J»n..4.7 

8. 

NE. 

ftW.I 

Fob..'5.( 

W. 

NW. 

M«-..;6.1 

4f 

NK. 

NK. 

Apr  ...6.2 

NE. 

NK.t 

i: 

11.^ 

4( 

N. 

KK.t 

r..: 

HK. 

H. 

Jnly  .;g.( 

V.  1 

Ifl 

S. 

H. 

Aug..4.t 

i>.  1 

21 

\K, 

HW. 

i: 

St.  1 

:ii 

NK. 

NK. 

9.: 

4t 

NK. 

NK. 

NoY..i6.( 

«.B 

31 

SK. 

W. 

Dec.iG.? 

8.4 

41 

NW. 

NW. 

Y6ar.|5.7 

.« 

NE. 

358 


EEPOBT  OF   THE   CHIEF   SIGNAL   OFFICER. 


Monthly  and  Tkarlt  Metroroix>oical  Sumhabibs— Continnecl. 

NEW  LONDON,  CONN. 
[Lat,  410  31'  K.  i  Long.,  72P  S^  W.) 


PiesBure. 

Temperature. 

Dew- 
point. 

Relative 
humid- 
ity. 

Precipita- 
tion. 

i 

1 

Mean. 

S 

p 

p^ 

• 

• 
a 

• 

• 

a 

• 

a 

8^ 

a. 5 

pS 

• 

a 

• 

a 

p 

a 

• 

a 

• 

a 

• 

a 

• 

a 

• 
^1 

o 

a 

1 

a 

a 

p 

a 

• 

a 

p 

a 

a 

« 

'•0 

o 

i 

• 

• 

i 

t 

P 

8 

p 

• 

p< 

• 

^ 

S 

o 

8 

"^ 

s 

« 

00 

00 

^ 

O 

S 

S 

3 

o 

00 

o 

o 

00 

00 

& 

s 

1889. 

In. 

In, 

o 

o 

o 

O 

o 

In. 

In. 

Jan .. 

29.96 

1.46 

34.2 

37.0 

36.2 

55 

12 

42.4 

30.0 

28 

30 

78 

3.54 

0.72 

Feb.. 

30.05 

1.43 

25.4 

28.9 

27.2 

46 

1 

34.2 

20.3 

17 

20 

72 

71 

2.47 

0.60 

Mar.. 

29.82 

1.40 

37.7 

39.0 

39.2 

59 

24 

45.9 

32.6 

30 

32 

74 

76 

2.37 

0.74 

Apr.. 

29.92 

1.14 

47.9 

48.9 

48.8 

68 

34 

56.1 

41.5 

42 

42 

80 

79 

4.02 

1.26 

May  . 

29.91 

.74 

58.6 

58.6 

58.7 

82 

40 

66.1 

51.3 

53 

53 

81 

82 

3.84 

1.78 

June. 

29.97 

.69 

66.6 

66.3 

67.0 

85 

50 

73.6 

60.5 

62 

62 

85 

h€ 

4.13 

1.2:« 

July. 

29.9;^ 

.63 

69.5 

69.7 

69.9 

86 

55 

75.9 

6:^.9 

63 

64 

81 

83 

6.91 

1.40 

AuR.. 

30.00 

.59 

67.5 

68.7 

69.0 

8:i 

53 

75.3 

62.7 

•60 

62 

78 

BO 

4.15 

2.04 

Sept . 

29.98 

.87 

62.5 

63.4 

63.8 

79 

44 

69.0 

58.6 

57 

57 

83 

80 

4.93 

0.90 

Oct  .. 

29.96 

.62 

48.9 

50.6 

50.2 

68 

31 

56.6 

43.8 

42 

44 

77 

77 

5.25 

2.60 

Nov.. 

30.00 

1.27 

45. 0'  45. 9 

45.8 

62 

23 

50.9 

40.8 

39 

39 

80 

77 

6.19 

1.33 

Dec. 

30.  Od 

1.49 

37.8 

40.8 

4C.0 

59 

13 

46.6 

33.3 

30 

32 

75 

72 

1.90  0.53 

Year. 

29.96 

1.06 

50.1 

51.5 

61.3 

86 

1 

57.7 

44.9 

44 

45 

79 

7849.70 

NEW  ORLEANS,  LA. 

[Lat,  290  58'  K. ;  Look.,  OO^  4'  W,] 


Jan.. 

30.02 

.6^ 

48.5 

54.5  53.4 

75 

34 

60.1 

46.6 

42 

47 

80 

78 

6.51 

1.23 

Feb.. 

30.14 

.71 

49.2 

54.6'  53.4 

76 

32 

59.8 

47.1 

46 

49 

88 

81 

2.78 

1.02 

Mar.. 

29.95 

.7^ 

54.1 

62. 8i  61. 0 

79 

44 

69. 2 

52.8 

50 

54 

H7 

78 

3.86 

1.39 

Apr.. 

29.97 

.69 

64.2 

71.6,  70.2 

88 

54 

79.1 

6L4 

58 

58 

81 

64 

2.28 

1.79 

May  . 

30.00 

.55 

68.4 

75.2  73.8 

90 

54 

83.1 

64.5 

60 

58 

76 

58 

1.17 

0.47 

June 

29.98 

.  :j:j 

73.8 

77.8  78.2 

92 

58 

86.0 

70.3 

68 

69 

84 

74 

7,62 

2.86 

July  . 

29.98 

.25 

79.1 

82.4 

82.6 

95 

71 

90.1 

75.2 

74 

74 

86 

75 

9.13 

2,04 

Aug.. 

29.98 

.23 

77. 2 

80.1 

80.6 

92 

70 

87.4 

73.9 

71 

71 

83 

75 

5.59 

1.71 

Sept . 

29.94 

.62 

73.5 

78.5 

78.6 

94 

58 

86.5 

70.8 

67 

68 

81 

72 

6.40 

2.03 

Oct.. 

30.04 

.49 

62.5 

70.4 

70.4 

90 

50 

80.0 

60.8 

56 

67 

81 

65 

0.26 

0.25 

Nov.. 

30.09 

.87 

52. 2 

59.4 

58.7 

82 

38 

67.1 

50.3 

48 

53 

86 

81 

2.18 

0.68 

Deo.. 

30.18 

.51 

56.2 

64.2 

64.3 

80 

39 

74.3 

54.3 

54 

59 

91 

85 

0.67 

0.65 

Year. 

30.02 

.56 

63.2 

69.3 

68.8 

95 

32 

76.9 

60.7 

58 

60 

84 

73 

48.45 

NEW  YORK  CITY. 

[Lat.,  40©  43'  N. ;  Long.,  Tl*  W.] 


Jan .. 

29.84 

1.47 

34.3 

38.2 

37.6 

58 

17 

43.5 

31.7 

26 

83 

72 

82 

5.38 

1.87 

Feb.. 

29.95 

i.:» 

24.1 

29.0 

28.0 

50 

2 

34.5 

21.4 

17 

2:i 

75 

77 

3.07 

1.38 

Mar.. 

29.70 

1.30 

37.5 

42.3 

41.5 

62 

25 

48.3 

34.7 

29 

32 

72 

68 

4.09 

1.38 

Apr.. 

29.78 

L25 

48.2 

51.9 

51.6 

80 

34 

59.9 

43.3 

39 

41 

72 

68 

6.90 

'^.81 

May  . 

29.78 

.72  58.1 

6L9 

62.0 

87 

40 

70.9 

53.1 

50 

53 

77 

75 

3.25 

.91 

June. 

29.84 

.86,  67.0 

70.5 

70.4 

88 

53 

78.2  62.5 

60 

62 

79 

76 

2.38 

.74 

July  . 

29.80 

.60   71.1 

74.3 

73.5 

88 

60 

80. 91  66. 1 

64 

ftS 

80 

74 

9.6:) 

2.77 

Aug.. 

29.89 

.58  67.9 

72.9 

71.5 

90 

56 

78.8  64.2 

60 

62 

78 

70 

3.39 

.97 

Sept  . 

29.85 

.86 

62.9 

65.8 

65.8 

85 

46 

72.1   59.5 

57 

58 

82 

78 

7.43 

2.46 

Oct.. 

29.84 

.79  48.7 

52.7 

52.0 

73 

35 

58.6  45.4 

41 

42 

76 

70 

2.53 

.67 

Nov.. 

29.88 

1.27|  44.6 

47.2 

46.9 

65 

27 

52.8  41.0 

38 

38 

78 

73 

9.82 

2.92 

Dec. 

29.96 

1.34'  38.1 

42.2 

41.4 

65 

13 

4«.7i  34.1 

32 

34 

80 

73 

1.81 

.65 

Year. 

29.84 

1.04   50.2  54.1 

1 

53.5 

90 

2 

60.6  46.4 

43 

45 

77 

74 

58.68 
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Monthly  and  Teably  Mbtborolooical  SuMMABiics^Coatiiiued. 

NEW  LONDON,  CONN. 

fHs47.     rs2».    Aai68.J 


* 

5 

a 

S 

a 

i 

a 

«■■ 

p 
o 

*3 

Wind. 

Nnmberof  days. 

• 

i 

a 

5 

1 

¥ 

p 

a 

• 

p 
.2 

•*• 

• 

43 

• 

i 

• 

s 

.a 

JA 

1 

• 

• 
00 

s 

• 

1 

• 

•o 

• 

• 

o 
1 

1 

• 

«8 

• 

1 

1 

i 

a 
o 

PS 

p 

< 

5 

••a 

1 

1 

a 

a 

•*> 
a 

s 

•4A 

a 
o 

O 

t 

5 

a 
'3 

C4 

s 

m 

P 

p 

1889. 

Jan  .. 

4.4 

8.5 

58 

SE. 

W. 

10 

5 

1 

3 

3 

6 

20 

13 

1 

11 

12 

8 

10 

2 

15 

0 

0 

0 

Feb.. 

4.6 

8.  a 

:«) 

NW. 

w. 

8 

1 

1 

7 

0 

4 

20 

13 

2 

12 

8 

8 

12 

6 

26 

0 

0 

0 

Mar.. 

6.0 

9.6 

30 

N. 

NW. 

11 

10 

3 

3 

3 

6 

8 

13 

5 

10 

7 

14 

13 

0 

12 

0 

2 

0 

Apr.. 

6.4 

9.0 

35 

SE. 

NE. 

9 

12 

4 

10 

5 

4 

4 

10 

2 

5 

IB 

9 

13 

0 

0 

0 

4 

0 

May  . 

5.2 

6.7 

30 

SE. 

SW.t 

6 

5 

8 

10 

10 

10 

7 

6 

0 

10 

15 

6 

10 

0 

0 

0 

2 

0 

Jane. 

6.2 

6.6 

29 

SE. 

SW. 

3 

3 

2 

12 

9 

18 

6 

7 

0 

8 

14 

8 

15 

^ 

0 

0 

3 

0 

July  . 

6.5 

7.0 

36 

S. 

S. 

6 

2 

7 

7 

12 

7 

5 

12 

4 

8 

11 

12 

15 

0 

0 

0 

1 

0 

Aug.. 

0.8 

5.4 

22 

sw. 

sw. 

9 

8 

4 

1 

4 

15 

6 

9 

6 

10 

10 

11 

U 

0 

0 

0 

3 

0 

Sept  . 

7.3 

8.2 

26 

sw. 

NE. 

6 

12 

5 

3 

4 

11 

5 

10 

4 

6 

6 

18 

14 

0 

0 

0 

1 

0 

Oct.. 

G.6 

7.9 

27 

NE. 

N. 

17 

9 

2 

3 

2 

9 

10 

9 

1 

7 

10 

14 

13 

0 

1 

0 

2 

0 

Nov.. 

6.7 

7.4 

54 

SE. 

W. 

7 

6 

2 

4 

2 

10 

16 

14 

0 

6 

10 

14 

16 

0 

5 

0 

0 

0 

Dec.. 

5.8 

8.0 

36 

SE. 

W. 

10 

7 

2 

2 

1 

7 

16 

15 

2 

10 

9 

12 

17 

1 

15 

0 

0 

0 

Year. 

6.0 

7.7 

• 

NW. 

102 

80 

41 

65 

55 

107 

122 

131 

27 

lo:^ 

128 

134 

159 

9 

74 

0 

18 

0 

NEW  ORLEANS,  LA. 

\ff=S2,    I»=«7.    *=77.] 


Jan .. 

6.4 

9.4 

36 

SE. 

N. 

17 

5 

6 

11 

3 

4 

13 

3 

0 

7 

9 

15 

15 

0 

0 

0 

0 

0 

Feb.. 

6.7 

9.1 

40 

S. 

NE. 

9 

12 

5 

4 

8 

5 

5 

7 

1 

8 

3 

17 

11 

0 

OiO 

0 

0 

Mar. 

3.2 

9.1 

») 

SW. 

NW.f 

6 

5 

0 

9 

2   13 

8 

13 

0 

16 

8 

7 

5 

0 

0 

0 

1 

0 

Apr.. 

2.6 

8.1 

30 

s. 

N. 

12 

2 

6 

10 

8     6 

8 

7 

1 

19 

11 

0 

5 

0 

0 

0 

4 

0 

May  . 

2.1 

8.1 

124 

NW.t 

S. 

9 

2 

7 

8 

15   10 

4 

7 

0 

23 

4 

4 

5 

0 

0 

0 

4 

0 

Jane. 

4.6 

6.9 

24 

N. 

S. 

2 

6 

10 

14 

16 

7 

*   4 

0 

1 

8 

9 

13 

10  0 

0 

1 

4 

0 

Jnly. 

6.0 

6.0 

32 

SW. 

SW. 

4 

4 

4 

6 

10 

20 

11 

2 

1 

5 

20 

6 

17 

0 

0 

17 

6 

0 

Aug.. 

5.2 

6.4 

24 

E. 

SE. 

5 

12 

7 

18 

11 

2 

2 

4 

1 

11 

13 

7 

16 

0 

0 

6 

1 

0 

Sept  . 

3.8 

6.9 

30 

SW. 

SE. 

10 

8 

10 

12 

3 

8 

3 

4 

2 

14 

14 

2 

11 

0 

0 

8 

2 

0 

Oct.. 

2.1 

7.0 

24 

N. 

N. 

23 

10 

3 

4 

5 

4 

1 

4 

8 

26 

4 

1 

2 

0 

0 

0 

0 

0 

Nov. 

4.0 

8.9 

36 

SW. 

N. 

20 

5 

9 

4 

8 

4 

4 

5 

1 

17 

6 

7 

8 

0 

0 

0 

0 

0 

Dec.. 

4.0 

6.4 

23 

SE. 

SE. 

3 

6 

4 

26 

10 

2 

8 

1 

2 

12 

15 

4 

2 

0 

0 

0 

0 

0 

Year . 

4.2 

7.7 

•  •  • 

SE. 

120 

77 

77 

126 

99 

85 

71 

57 

18 

166 

116 

83 

107 

0 

0 

3222 

0 

NEW  YORK  CITY. 
<H=:185.    T=183.    A=1S5.] 


Jan.. 

5.0 

12.4 

50 

SE. 

SW.t 

2 

9 

1 

4 

10 

15 

15 

6 

0 

3 

16 

12 

11 

2 

12 

0 

0 

0 

Feb.. 

5.0 

12.7 

48 

SW.t 

w. 

3 

6 

5 

1 

5 

15 

16 

5 

0 

1 

17 

10 

12 

9 

26 

0 

Q 

0 

Mar.. 

rt.O 

12. 3 

49 

SW. 

w. 

7 

8 

0 

11 

4 

10 

12 

10 

0 

2 

14 

15 

11 

0 

8  0 

1 

0 

Apr.. 

5.8 

10.3 

36 

sw. 

NE. 

10 

12 

4 

11 

4 

6 

9 

4 

0 

4 

14 

12 

13 

0 

0,  0 

2 

0 

May  . 

4.7 

8.4 

.35 

NW. 

E. 

3 

3 

13 

12 

8 

8 

8 

6 

1 

7 

16 

8 

11 

0 

0  0 

2 

0 

June. 

6.2 

8.9 

3^ 

SE. 

SE. 

4 

4 

4 

16 

12 

9 

8 

2   1 

2 

21 

7 

9 

0 

o|o 

6 

0 

July  . 

6.2 

8.5 

'35 

SW. 

SE. 

4 

5 

8 

17 

5 

6 

8 

9'  0 

6 

10 

15 

15 

0 

0,  0 

1 

0 

Aug.. 

4.5 

7.9 

25 

w. 

SE. 

8 

8 

3 

15 

6     6 

11 

5,  0 

11 

14 

6 

11 

0 

0  0 

3 

0 

Sept  . 

5.9 

12.3 

41 

N. 

N. 

10 

9 

3 

11 

6   10 

6 

5;  0 

10 

9 

11 

15 

0 

0  0  3 

0 

Oct.. 

6.4 

12.1 

34 

E. 

NvV. 

11 

3 

3 

2 

8-    8 

9 

18  0 

5 

13 

13 

14 

0 

0  0  2 

0 

Nov.. 

6.7 

n.4 

37 

SW. 

SW. 

10 

2    1 

4 

8   18     7 

10  0 

6 

8    16 

17   0 

4   0  0 

0 

Dec 

5.7 

1L9 

48 

SW. 

SW. 

8 

2   1 

2 

6   22[     4 

14   3     8, 

1 

13   10 

13   3 

9  0   1 

0 

Year. 

5.7 

10.8 

sw. 

80 

71 

4(> 

106  K') 

133 

113 

94 

5 

6r) 

lft-> 

i:J5 

152 

14 

59  0 

21 

0 

1 

360 
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KoKTHLT  AND  Ybarly  Mbtborolooical  Suumabibs— Continued. 

NORFOLK,  VA. 

[Lat,  a«P  61'  N.;  Long.,  7«o  17'  W.  1 


/ 

Preesnie. 

1 

Temperature. 

Dew- 
point. 

Relative 
humid- 

ity. 

Precipita- 
tion. 

i 

ca 

1 

In, 

■ 

a 

• 

a 

1 

flB 

^a 

a 

0 

a 
8 

a 

a 

a 

a 

Mean. 

• 

a 

flj 

a 

• 

0i 

. 

a 

• 

■ 

9 

p. 

• 

o 

• 

63 
O 

•a 
S 

e 
o 

• 

a 

a 

.8 

• 

a 

s 

a 

'3 

2S 

a 

• 

a 

S 

^ 

00 

00 

:m 

o 

o 

o 

o 

00 
0 

00 
0 

00 

00 

^ 

s 

1889. 

In, 

o 

o 

o 

\ 

In. 

/«. 

Jan  .. 

30.00 

1.28 

40.8 

44.8 

44.4 

67 

24 

51.6 

:I7.1 

36 

39 

4.88 

LTD 

Feb.. 

30.11 

1.24 

:«.3 

38.5 

38.2 

71 

16 

45.0 

31.3 

28 

26 

76 

64 

4.  SI 

1.80 

Mar.. 

29.86 

1.08 

41.2 

45.0 

45.0 

70 

29 

52.4 

37.5 

35 

36 

79 

74 

7.52 

2.50 

Apr.. 
May  . 

29.88 

1.26 

54.1 

56.9 

56.8 

89 

36 

65.2 

48.5 

46 

45 

76 

6811.87 

4.60 

29.92 

.59 

65.4 

65.6 

68.1 

9:< 

46 

77.7 

58.5 

67 

56 

74 

73 

4.58 

1.07 

June. 

30.  OU 

.66 

72.1 

73.5 

73.9 

94 

55 

81.3 

66.5 

65 

65 

79 

76 

4.75 

1.20 

July. 

29.96 

.49 

75.7 

76.0 

77.6 

98 

63  84.8 

70.4 

69 

69 

80 

80 

10.69 

2.34 

Aug.. 

30.04 

.44 

71.8 

73.2 

74.4 

90 

6l)  81.4 

67.5 

67 

66 

84 

80 

6.93 

2.23 

8ept . 

29.96 

.71 

65.9 

67.7 

68.4 

88 

46  74.9 

61.8 

61 

62 

85 

81 

6.41 

1.40 

Oct.. 

29.98 

.70 

54.4 

56.8 

57.7 

81 

40 

65.0 

50.4 

48 

48 

81 

73 

7.56 

3.76 

Nov.. 

30.06 

1.16 

49.8 

52.6 

53. 4 

78 

27 

eo.9 

45. 9 

44 

45 

81 

761 

2.55 

.79 

Deo.. 

30.14 

.94 

46.6 

51.5 

51.4 

74 

28 

60.3 

42.0 

40 

40 

80 

67 

.77 

.68 

Year. 

29.99 

.88 

56.1 

58.5 

59.1 

98 

16 

66.7 

51.5 

50 

50 

80 

74 

70.72 

.  s*  .  ■ 

NORTHFIELD,  VT. 
[Lai.,  440  10*  N. ;  Long.,  72o  41'  W.] 


Jan  .. 
Feb.. 
Mnr.. 
Apr.. 
M»y  . 
June. 
July  . 
Aug.. 
Sept  : 
Oct  .. 
Nov.. 
Dec  .. 

Year. 


29.01 

1.52 

20.8 

29.06 

1.44 

6.9 

28.92 

1.50 

25.8 

29.02 

1.12 

40.9 

29.00 

.69 

55.3 

29.04 

.92 

62.9 

29.04 

.64 

65.5 

29.12 

.61 

61.1 

29.  U 

1.00 

55.0 

29.11 

.96 

38.3 

29.10 

l.;>0 

:m.8 

29.14 

1.56 

23.8 

29.06 

1.10 

40.9 

24.6 
14.2 
30.9 
45.2 
58.5 
6:3.9 
66.7 
61.8 

57. 1 
39.7 

36. 2 
28.3 

43.9 


23.7 
11.6 
29.5 
43.4 
55. 9 
«'2.  .'V 
(hi,  V 
61.3 
57.4 
40.2 
:55.8 
26.6 

42.7 


57 
48 
55 
76 
90 

8:> 

85 
83 

63 
58 
55 

90 


—10 

31.2 

—32 

2-^.0 
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38.4 

18 

53.7 

31 

67.4 

34 

72.2 

43 

74.2 

40 

72.2 

30 

66.8 

12 

49.0 

12 

42.3 

—12 

35.4 

—32 

62.1 

16.2 
1.2 
20.6 
33.1 
44.4 
52.8 
55.8 
50.4 

47.  y 

31.4 
29.4 
17.9 

33.4 


16 

20 

83 

82 

1       9 

75 

78 

20     24 

80 

76 

31 

33 

70 

64 
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71 

67 
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56 

77 

78 

57 

59 
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56 

56 
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51 

52 
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80 
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30 

84 
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22 

80 

78 
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79 

77 
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6.02 
4.65 
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2.61J 

36.66 

I 


1.14 
.(i6 
.72 
.27 

1.65 
.95 

L40 
.39 
.94 

1.17 
.93 
.61 


NORTH  PLATTE,  NEBR. 
[Lat..  410  8'  N. ;  Look.,  lOOo  45^  W.] 
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27.09 

.  oo 

11.6 

23.7 

20. 5 

48 

—  9 

32.4 

8.6 

6 

16 

78 

72 

f 
0.97  0.44 

Feb.. 

27.14 

1.07 

18.0 

28.4 

26.6 

56 

—  6 

37.6 

15. 5 

10 

16 

72 

61 

0.07  O.04 

Mar.. 

27.11 

.88 

29.3 

47.0 

40.9 

69 

9 

54.5 

27.3 

22 

27 

t:} 

48)  0.  tJ2 

0.26 
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27.10 
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1 

39.3 

53. 4 

48.8 
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9 

61.4 

36. 2 

33 

36 

78 

66 

20.66 

BEPOKT  OP  THE  CHIEF  HiaNA.L   OFFICEB. 

HoRTRLT  AND  Yearly  Ubteorolooical  Sumhabiks— ContiDaed. 
NOBFOLK.  VA. 
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REPORT   OP  THE  CHIEF   SIONAL   OFFICER. 


MoNTHEY  Ajn>  Yearly  Mbtrorolooica.1.  Summarixs— Continued. 

OLYMPIA,  WASH. 
|lAt.,  470  87'  K.t  Long.,  1239  53'  W.] 


Pressnre. 

Temperatnre. 

Dew- 
point. 

Relative 
hamid- 

Precipita- 
tion. 
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0 
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0 

% 
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H 
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In. 

In, 

0 

0 

0 

In. 

In. 

Jan  .. 

30.06 

.91 

:<5.o 

41.1 

37.6 

50 

22 

43.0 

32.1 

33 

:Vi 

93 

4.05|    .84 

Feb.. 

30.14 

.80 

39.5 

47.5 

43.6 

62 

2<' 

50.6 

86.7 

38 

40 

94 

76 

1.40'    .52 

Mar.. 

29.90 

1.24 

42.5 

55.9 

49.8 

73 

31 

59.6 

40.0 

41 

46 

93 

72 

3.91   1.15 

Apr.. 
May  . 

29.98 

.78 

42.3 

59.7 

52.8 

79 

31 

66.3 

39.3 

40 

46 

91 

63 

1.89     ..SI 

29.92 

.90 

47.9 

65.2 

57.2 

89 

35 

69.0 

45.4 

46 

47 

92 

56 

2.42   1.17 

Jnne. 

29.98 

.59 

48.7 

72.8 

61.0 

90 

40 

75.2 

46.9 

46 

57 

89 

59 

1.32i     .39 

Jnly  . 

29.96 

.56 

51.7 

77.8 

64.9 

90 

42 

79.5 

50.3 

49 

60 

92 

56 

.02     .02 

Ang.. 

29.98 

.61 

50.4 

69.8 

60.7 

81 

42 

72.5 

48.9 

49 

57 

95 

64 

1.99f  1.03 

Sept  . 

30. 04 

.77 

47.0 

65.  b 

56.2 

85 

34 

68.2 

44.2 

45 

54 

95 

671  3. 52;  2. 12 

Oct.. 

29.91 

.97 

47.9 

59.4 

54.0 

74 

37 

62.2 

45.8 

47 

55 

96 

86|  4.30 

1.87 

Nov.. 

30.04 

1.04 

42.6 

48.4 

40.0 

60 

29 

52.3 

39.6 

42 

46 

96 

92 

4.79 

1.04 

Dec.. 

29.84 

1.08 

34.6 

39.5 

36.9 

.51 

21 

41.7 

32.1 

34 

37 

97 

92 

4.14 

.80 

Year . 

29.98 

.85 

44.2 

58.6 

51.7 

90 

20 

61.7 

41.8 

42 

48 

94 

7238.75 

OMAHA,  NEBR. 
[lAt.,  410  IV  N.;  Lonz..  050  W  W.J 


Jan  .. 

28.88 

1.07 

18.5 

27.0 

24.0 

47 

—  2 

32.2 

15.8 

14 

20 

80 

76 

1.62 

0.78 

Feb.. 

28.99 

1.41 

17.1 

25.1 

23.0 

53 

-10 

:«.6 

13.5 

11 

16 

77 

70 

0.23 

0. 21 

Mar.. 

28.89 

.84 

32.6 

47.8 

42. 5 

71 

17 

r>4. 2 

30.8 

24 

31 

72 

56 

0.5:J 

0.32 

Apr.. 

28.86 

1.06 

45.8 

59.0 

54.0 

80 

32 

64.8  43.3 

35 

32 

66 

42 

1.19 

0.49 

May  . 

28.76 

.99 

.'S6.1 

67.2 

62.5 

90 

^ 

72.5 

5iJ.  1  > 

45 

4^4, 

67 

44 

2.«: 

1.12 

Jane. 

28.81 

.76 

63.1 

74.3 

69.5 

90 

44 

71».  9 

.')9. 1 

54 

56 

74 

.\') 

;\  44 

2.02 

July  . 

28.80 

.47 

68.6 

78.1 

74.8 

94 

56 

84.0 

65.7 

62 

64 

81 

(»5 

4.94 

1.87 

Ang.. 

28.88 

.43 

66.0 

77. «. 

74.0 

92 

.% 

8t.6 

64.3 

60 

64 

82 

64 

2.90 

1.60 

Sept  . 

28.83 

.78 

55.5 

66.1 

63.6 

88 

38 

74.4 

52.9 

50 

5i 

82 

6:) 

1. 74|  0. 82 

Oct  .. 

28.96 

.69 

43.6 

54.7 

52.2 

84 

28 

62.0   42.4 

37 

39 

78 

57 

0.  :{4   0. 19 

Nov.. 

28.97 

.99 

28.3 

37.1 

35.3 

60 

7 

43.9 

26.7 

23 

26 

82 

65 

0.87 

0.85 

Dec. 

28.85 

1.30 

33.7 

41.4 

3!).  4 

68 

10 

48.1 

30.8 

27 

29 

77 

64 

0.50 

0.41 

Year. 

28.88 

.90 

44.1 

54.6 

51.2 

94 

—10 

61.0  41.5 

37 

39 

76 

60 

22.97 

OSWEGO,  N.  Y. 
fLat,  430  2^  N. ;  Long.,  7«o  3y  W.] 


Jau  .. 

29.62 

1.45 

27.0 

29.3 

28.8 

,')3 

1 

34.7 

22.9 

22 

24 

84 

82 

4.25 

1.43 

Feb.. 

29.70 

1.44 

16.8 

20.4 

18.0 

42 

—  5 

24.6 

11.3 

13 

16 

87 

82 

2.17 

0,49 

Mar.. 

29.56 

1.24 

31.0 

32.8 

31.6 

58 

20 

:%.5 

26.8 

24 

25 

76 

75 

0.55 

0.36 

Apr.. 

29.62 

1.24 

42. 2 

43.9 

43. 3 

82 

28 

50.3 

36.3 

34 

33 

76 

69 

2.85 

0.96 

May  . 

29.57 

.61 

55.5 

55.7 

.55.2 

90 

35 

(i3.3 

47.0 

47 

46 

74 

73 

l.M 

0.43 

June. 

29. 62 

.88 

60. 2 

61.7 

61.0 

83 

43 

68.7 

5:1. 2 

55 

55 

84 

80 

9.  SI 

2.80 

July  . 

29.60 

.65 

68.0 

69.6 

69.0 

87 

52 

75. 5 

62.4 

63 

63 

84 

79 

3.02 

0.91 

Aug.. 

29.69 

.64 

64.4 

66.8 

65.8 

86 

51 

73.0 

58.6 

59 

60 

82 

79 

1.02 

0.53 

Bept  . 

29.66 

.97 

59.6 

62.9 

61.4 

•  84 

42 

68.1 

.'>4. 6 

54 

54 

81 

75 

2.  SSI 

0.62 

Oct. 

29.68 

1.00 

42.3 

45.1 

43.9 

67 

24 

49.5 

38.3 

37 

37 

82 

75 

8.57 

1.08 

Nov.. 

29.66 

1.26 

38.3 

40.8 

39.6 

63 

20 

44.5 

34.6 

34 

36 

84 

83 

5.43 

1.39 

Dec. 

29.70 

1.53 

34.1 

35  7 

34.7 

60 

6 

41.2 

28.2 

28 

30 

78 

82 

3.30 

0.80 

Year. 

29.64 

1.08  45.0 

47.1 

46.0 

90 

—  5 

52.5 

39.5 

39 

40 

81 

78 

40.10 

REPORT  OF  THE   CHIEF  SIGNAL  OPPICER. 

MoNTEiLT  AND  Ybarlt  Ubtborolooicai.  Summabiks— CoutiDued. 
OLYMPIA.  WASH. 
(ffaSS.    t=it,    I 
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REPORT   OP   THE   CHIEF   SIGNAL   OFFICER. 


Monthly  and  Tearly  Metrorolooical  SuxHARiss—Continaed. 

PALESTINE,  TEX. 
[Lat..  310  iSf  N. ;  Loop;.,  KP  W  W.l 


Pressure. 

Temperature. 

Dew- 
point. 

Relative 

bnmid* 

ity. 

Precipita- 
tion. 

i 

'a 

Mean. 

• 

e 

p% 

• 

p 

& 

« 

s 

S 

So 

12 

B 

0 

B 

. 

B 

p 

a 

• 

• 

E 

• 

• 
• 

B 

1 

o 

• 
B 

S 

S 

c 

• 
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fiS 
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• 
P4 
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s 

a 
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«s 
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• 
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CS 

:8 

S 

M 

00 

00 

n 
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PS 

a 

oo 

o 

o 

% 

00 

H 

S 

1889. 

In, 

in. 

o 

o 

o 

o 

o 

%, 

In. 

ill. 

Jan  .. 

29.55 

.  76!  43. 1 

5L2 

49.0 

70 

25 

58.8 

39.3 

40 

44 

89 

6.82  1.69 

Feb.. 

29.63 

.771  44. « 

56.0 

51.9 

80 

24 

61.7 

42.1 

40 

45 

83 

G>i 

4.02;  1.17 

Mar.. 

29.47 

.89;  51.2 

63.1 

58.^ 

82 

3S 

69.3 

47.9 

45 

48 

81 

.  61 

4.53!  1.67 

Apr.. 

29.46 

.59  61.6 

73.3 

68.8 

87 

50 

79.2 

58.4 

56 

59 

84 

62 

2.31     .72 

May  . 

29.47 

.56  66.1 

75.5 

71.4 

88 

4t- 

81.7 

61.1 

61 

65 

84 

71 

3.47 

2.44 

Jane. 

29.46 

,41   72.0 

78.4 

76.6 

91 

5r» 

85.3 

6e.O 

69 

71 

90 

79 

7.00 

L94 

July. 

29.46 

.30  78.1 

85.6 

83.1 

99 

70 

92.1 

74.2 

75 

76 

90 

74 

2.21 

.64 

Aug.. 

29.51 

.  25|  75. 4 

84.2 

81.8 

99 

65 

9L5 

72.0 

72 

73, 

88 

71 

1.77 

.94 

Sept  . 

29.52 

.62:  (36.6 

72.6 

71.9 

90 

53 

80.7 

63.0 

63 

65 

90 

78 

4.  TO 

1.27 

Oct.. 

29.56 

.  56.  57. 1 

69.9 

66.5 

89 

38 

7».5 

54.5 

54 

GO 

8» 

09 

1.21 

1.20 

Nov.. 

29.61 

.  90.  44. 3 

54.6 

51.2 

77 

2» 

61.1 

4L4 

40 

43 

87 

67 

7.97 

1.74 

Dec. 

29.64 

.66  58.5 

65.5 

64.0 

80 

31 

72.5 

55. 5 

56 

56 

91 

74 

0.39 

.30 

Year . 

29.53 

.61 

59.9 

69.2 

66.2 

99 

24 

76.0 

56.4 

56 

59 

• 

87 

7146.43 

PARKER8BURGH,  W.  VA. 
[Lat.,  890  iQf  19.,  Long.,  81°  W  W.] 


Jan. 

Feb. 

Mar. 

Apr.. 

May  . 

June 

July 

Aug. 

Sept  . 

Oct 

Nov.. 

Doc. 

Year 


29.38 

1.22 

33.3 

29.48 

1.23 

26.6 

29. 30 

.87 

:J7.8 

29.:i4 

.93 

48.7 

29.32 

.62 

58. 2 

29.38 

.  63 

66.1 

29.34 

.48 

70.4 

29.44 

.46 

<>5. 2 

29.40 

.74 

59.5 

29. 43 

.61 

44.2 

29. 42 

1.19 

39.9 

29. 50 

.80 

43.8 

29.39 

.82 

49.5 

37.1 
31.0 
45. 3 
f>4.5 
64.6 
69. 5 
76.0 
71.7 
64.6 
50.9! 
43. 4| 
47.9 

54.7 


36.4 

60 

30.0 

61 

43.2 

74 

52.6 

85 

62.4 

91 

68.4 

87 

74.2 

94 

70.1 

89 

64.0 

89 

50.0 

77 

43.5 

76 

47.2 

6^ 

53.5 

94 

17 
4 
24 
23 
32 
42 
54 
48 
35 
24 
23 
16 


43.4 

29.5 

28 

31 

80 

78 

3.03 

36.8 

23.1 

22 

25 

82 

79 

2.88 

52.4 

33.9 

32 

37 

82 

74 

1.66 

62.6 

42.7 

42 

44 

7h 

70 

2.72 

73.8 

50.9 

50 

52 

76 

67 

2.80 

77.0 

59.9 

60 

62 

80 

77 

4.03 

83.8 

64.7 

65 

68 

84 

77 

7.66 

80.7 

59. 5 

61 

64 

86 

76 

L54 

73.3 

54.8 

55 

59 

85 

82 

3.12 

59.7 

40.3 

40 

43 

85 

75 

1.87 

51.1 

35.9 

35 

38 

85 

81 

4.96 

56.9 

37. 5 

37 

41 

78 

79 

1.B9 

62.6 

44.4 

44 

47 

82 

76 

3a  16 

0.82 
1.17 
0.50 
1.16 
1.49 
1.12 
3.00 
0.52 
1.81 
0.71 
0.88 
0.60 


PENSACOLA,  FLA. 
[Lat.,  30O  25^  N.;   Long.,  87o  13'  W.) 


Jan . 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept 

Oct . 

Nov. 

Dec  . 

Year 


30.02 

.65 

48.7 

54.2 

:K).14 

.68 

47. 5 

53. 6 

29.94 

.80 

54.2 

60.4 

29.96 

.69 

64.6 

a-^.o 

29.99 

.53 

70.2 

72.5 

29.98 

.41 

76.5 

77.8 

29.96 

.28 

79.9 

80.5 

30.00 

.26 

77.0 

80.9 

29.94 

.64 

74.1 

78.8 

30. 0<> 

.  52 

62.1 

69.3 

30.0:^ 

.HI 

53. 5 

60.4 

30.19 

.44 

50.1 

63.2 

30.02 

.56 

63.7 

68.3 

r..; 


70 
70 
76 
86 
88 
90 
94 

m 

93 

H4 
78 
76 


67.1'     94 


51.9 
5H.8 
67.8 
71.4 
77.2 
80.8 
79.2 
77.3 
67.2 
,58. 6 
62,0 


33 

59.3 

46.1 

43 

47 

80 

78 

6.46 

2.39 

29 

58.6 

45.2 

42 

45 

82 

75 

3, 03 

1.18 

37 

66.4 

51. 1 

48 

52 

79 

74 

5.99 

3.te 

48 

75.5 

60.0 

57 

60 

77 

77 

0.94 

0.84 

47 

78.8 

63.9 

60 

61 

70 

68 

2.06 

0.95 

.% 

83.0 

71.5 

70 

71 

80 

80 

4.04 

2.00 

69 

e<).8 

74.7 

76 

75 

87 

84 

10.78 

2.98 

67 

85.7 

72.7 

72 

72 

85 

76 

6.95 

2.91 

54 

84.9 

69.7 

67 

69 

79 

74 

4.70 

2.40 

47 

75.6 

58.7 

54 

58 

76 

69 

1.79 

1.13 

32 

67.0 

50.1 

48 

52 

84 

75 

5.82 

3.5:» 

35 

70.2 

53.9 

54 

60 

94 

90 

a  18 

0.15 

29 

74.3 

59.8 

58 

60 

81 

77 

52.74 
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PALESTINE.  TEX. 
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BEPOIIT   OF   THE  CHIEt*  SIGNAL   OFFICES. 


Monthly  a3xd  Yxaklt  Mbtborological  6uMMARiE&-H]!ontinaed« 

PHILADELPHIA,  PA. 
ILat,,  390  W  N. ;  Long.,  75o  V  W.] 


Pleasure. 

Temperature. 

* 

Dew« 
point. 

Relative 
humid- 
ity. 

Precipita- 
-    tion. 

i 

i 

• 

s 

• 

s 

« 

a 
s 

• 

a 

Mean. 

a 

a 

• 

a 

• 

a 

• 

a 

• 

• 
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0 
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s 

a 

• 

S 

a 

a 

• 

a 
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s 

a 
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e9 
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e9 
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oo 
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;s 

OO 

0 

00 
0 

00 

^6 

00 

% 

In. 

S- 

1889. 

In. 

In, 

0 

0 

0 

/«. 

Jan.. 

29.94 

1.44 

35.7 

38.9 

38.7 

59 

IH 

45.0 

32.4 

29 

29 

68 

3.75 

l.f«8 

Feb.. 

30.05 

L41 

25.6 

30.8 

29.5 

51 

2 

35.9 

23.1 

17 

20 

71 

66 

2.00 

0.94 

Mar.. 

•i9.80 

1.05 

:ia7 

43.6 

42.2 

66 

25 

49.4 

35.1 

29 

32 

69 

"66 

i».58 

1.03 

Apr.. 

29.8a 

1.22 

49.3 

.')4. 0 

53.2 

78 

34 

61.6 

44.8 

39 

42 

70 

67 

3.17 

1.53 

May  . 

29.86 

.73 

60.7 

65.4 

64.7 

90 

43 

74.1 

55.3 

51 

56 

71 

72 

4.32 

1.25 

June. 

29.94 

.78 

68.2 

71.4 

7L4 

88 

54 

79.4 

6.3.3 

60 

62 

76 

72 

3.39 

1.85 

July. 

29.  es 

.59 

72.7 

74.9 

7.^3 

94 

60 

83.1 

67.  :^ 

65 

66 

78 

74 

8.2i> 

3.00 

Aug.. 

29. 9el 

.54 

69.3 

72.9 

72.8 

88 

57 

80.9 

64.7 

61 

62 

76 

70 

7.07 

2. 78 

Sept  . 

29. 9,1 

.80 

63. 2 

64.6 

(K).4 

87 

47 

73.5 

59.4 

58 

57 

82 

78 

4.66 

l.«4 

Oct .. 

29.94 

.84 

49.1 

52.7 

52.8 

79 

32 

60.1 

45.4 

42 

42 

77 

68 

3.76 

1.5i5 

Nov.. 

29.98 

1.24 

44.9 

46.9 

47.0 

65 

27 

5.3.2 

40.8 

39 

38 

80 

73 

6.76i  1.G8 

Deo.. 

30.07 

1.27 

39.6 

44.2 

43.6 

68 

16 

51.0 

36.1 

32 

34 

75 

69 

0.851  0.'*0 

Year , 

29.94 

.99 

51.4 

55.0 

54.8 

94 

2 

62.3 

47.3 

44 

45 

76 

7050.60 

PITTSBURaH,  PA. 

[L»t.,  403  82^  If  .  Long.^  ggo  y  w.l 


Jan .. 

29.11 

1.40 

:J3.6 

36.8 

36. 5 

61 

17 

42.7 

30.3 

27 

28 

78 

71 

2.50 

0.74 

Feb.. 

29.20 

1.30 

25.6 

29.0 

28.0 

53 

—  1 

34.9 

21. 2 

19 

20 

77 

69 

1.58 

0.67 

Mar.. 

29.04 

.89 

37.8 

45.0 

43.2 

70 

23 

51.3 

35. 1 

29 

30 

72 

60 

2.32 

0-96 

Apr.. 

29. 10 

.99 

47.7 

,^3. 8 

52.4 

a3 

25 

61.2 

43. 5 

37 

39 

68 

60 

3,62,  0.95 

May  . 

29.0(» 

.59 

58.5 

64.7'  62.4 

90 

37 

72. 2 

r.2. 5 

47 

48 

68 

58 

6.45,  2.96 

June. 

29. 12 

.69 

65.2 

69.4 

68.2 

87 

46 

76.) 

60.4 

56 

58 

72 

68 

4.93 

1.75 

July  . 

29.10 

.54 

70. 5 

76.0 

74.6 

93 

56 

83.8 

65.4 

6.^ 

61 

74 

60 

5.48 

I.4.-I 

Aug.. 
Sept  . 

29.20 

.  55 

65.2 

72.6 

70.2 

89 

50 

HO.  3 

60.0 

57 

58 

76 

61 

1.88  0.86 

29. 15 

.72 

61.5 

66.6 

65.6 

90 

44 

73.6 

57. 5 

54 

56 

77 

69 

2.87,  1.40 

Oct  .. 

29. 16 

.64 

46.4 

51.8 

.51.0 

75 

30 

59.3 

42.7 

40 

42 

80 

71 

2.  Ofr  0.  iA 

Nov.. 

29.15 

1.18 

42.0 

45.2 

43.5 

69 

20 

49.7 

37.3 

38 

38 

84 

78 

4.61    1.11 

Dec. 

29.22 

1.01 

44.0 

46.3 

45.6 

67 

22 

53.5 

37.8 

lis 

37 

79 

72 

3.07  0.87 

Year. 

^.13 

1 

.88 

49.8 

54.8 

53.4 

93 

—  1 

61.6 

45.3 

42 

43 

75 

66 

41.37 

PORT  ANGELES,  WASH. 
ILftt,  480  7'  N.  I  Long.,  1230  V  W.) 


Jan.. 

30.04 

1.11 

33.4 

37.8 

37.5 

50 

26 

43.1 

31.9 

31 

32 

91 

60 

2.96 

.92 

Feb . . 

30.14 

.78 

36.0 

43. 2 

40.6 

54 

29 

46.2 

35.1 

33 

37 

88 

79 

.99 

.42 

Mar.. 

29.90 

1.23 

.39.1 

50.1 

45.6 

59 

30 

53.2 

38. 1 

36 

44 

69 

81 

2.43 

.:6 

Apr.. 

29.98 

.80 

40.8 

53. 4 

48.0 

64 

.32 

56.7 

.•^9.3 

37 

46 

86 

76 

2.49 

.98 

Msiy  . 

29.92 

1. 01 

45. 6 

56.7 

52.2 

72 

38 

60.7 

43.7 

42 

50 

88 

78 

1.53 

.64 

Juno. 

30.00 

.56 

47.2 

59.9 

55. 0 

76 

37 

64.3 

45.7 

44 

52 

91 

76 

.94 

.M 

July  . 

30. 00 

.  55 

50.5 

61.2 

56.4 

&3 
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Monthly  and  Yearly  Mbtborological  SuMMARiEs^Coatiiiaed. 
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BEk)RT   OF  THE   CHIEF  SIGNAL  5FFICGR. 


MoitTHLT  AND  Tbarly  Metbobolooical  Bummaribs— Continued. 

B08EBURGH,  OREGON. 

[XM,,  4SP  18'  N. :  Long..  MV>  W  W.] 


Preasnre. 

• 

Temperatare. 

Dew- 
point. 

Relative 
humid- 
ity. 

Precipita- 
tion. 

• 

& 

• 

B 

■ 

a 

n  (max.  and 
min.). 

a 

0 

a 

• 

a 

0 

a 

Mean. 

• 

a 

1 

• 

a 

• 

a 

a 

*3 

• 

S 

■  M 

• 

a 

0 

a 

• 

a 

1 

a 

a 
o 

i 

^ 

• 

1 

a 

0 

S 

.0 

• 
OB 

• 

0< 

4 

• 

O 

s 

^ 

s 

OD 
O 

CD 

o 

X 

o 

o 

o 

o 

00 

o 

QD 
O 

qo 

OD 

H 

s 

1889. 

In. 

Jn. 

O 

In.  '  /«. 

Jan .. 

29.56 

.75 

36.8 

45.6 

42.0 

59 

22 

50.9 

:«.o 

35 

39 

2.96   1.01 

Feb.. 

29.62 

.85 

36.7 

54.3 

45.2 

68 

22 

57.0 

33.3 

35 

40 

96 

6-2 

0.70  0.18 

Mar.. 

29.37 

1.29 

44.2 

61.5 

52.7 

80 

29 

64.6 

40.8 

42 

44 

92 

56 

2.24;  0.56 

Apr.. 
May  . 

29.47 

.68 

46.1 

63.1 

54.4 

76 

34 

65.6 

43.3 

44 

45 

92 

54 

1.57j  0.33 

29.42 

.90 

4»i.9 

67.0 

58.5 

87 

40 

70.6 

46.4 

46 

49 

91 

54 

2.67:  0.83 

June. 

29.45 

.43 

52.2 

78.7 

65.0 

95 

43 

80.4 

49.5 

47 

47 

84 

35 

0.14   0.08 

Jaly. 

29.45 

.50 

54.9 

85.6 

70.4 

97 

42 

87.8 

53.0 

50 

50 

«i 

30 

.00'     .00 

Aug.. 

29.48 

.61 

52.6 

78.2 

a5.o 

90 

45 

79.8 

50.1 

48 

49 

84 

38 

0.45   0.44 

Sept. 

29.5:) 

.55 

48.5 

74.3 

61.0 

90 

35 

76.5 

45.4 

45 

46 

87 

39 

0.24  0.13 

Oct.. 

29.44 

.98 

4H,2 

61.6 

54.6 

82 

35 

64.2 

45.1 

47 

50 

94 

69 

5.28   1.24 

Nov.. 

29.58 

•  oc5 

41.3 

52.0 

46.  H 

64 

29 

55.9 

37.8 

40 

44 

95 

75 

5.26 

1.8H 

Deo.. 

29.39 

.91 

38.0 

43.6 

40.0 

57 

24 

45.4 

34.5 

35 

37 

91 

80 

6.61 

1.13 

Year. 

29.48 

.76 

45.7 

63.8 

54.6 

97 

22 

66.6 

42.7 

43 

45 

90 

5628. 12 

1 

SACRAMENTO,  CAL. 
[Lftt,  W>  35'  K. ;  Long.,  121o  W  W.] 


Jan . 

Feb. 

Mar. 

Apr., 

May 

June 

July 

Aug. 

Sept 

Oct. 

Nov. 

Dec. 

Year 


30.02 
30.04 
29.88 
29.94 
29.86 
29.78 
29.78 
29.77 
29.84 
29.92 
30.08 
29.93 

29;  90 


.  86 
.76 
.87 
.49 
.56 
.34 
.45 
.3^ 
.45 
.70 
.51 
.69 

.59 


38.6 
42.2 
50.5 
52.3 
53.5 
56.3 
56.8' 
57. 2, 
57.5! 
53.8; 
47.9 
4.5. 6 

51.0 


50.6 
58.4 
63.4 
6H.6 
73.0 
80.5 
85.4 
86.9 
83.1 
66.8 
59.1 
49.8 


44.7 
SO.  2 
57.4 
61.2 
64.2 
70.1 
72.8 
74.0 
71.9 
61.7 
54.2 
48.5 


68.8  60.9 


62 

31 

53.6 

76 

31 

61.0 

76 

41 

66.3 

84 

42 

71.3 

94 

44 

76.0 

96 

52 

84.7 

104 

50 

89.4 

102 

51 

91.8 

101 

49 

87.9 

94 

42 

71.6 

72 

38 

63.0 

60 

33 

53.5 

104 

31 

72.5 

3Sy.S 
39.3 
48.5 
51.2 
52.3 
55.5 
56.2 
56.2 
55.9 
51.8 
45.3 
43. 5 


a5 

39 
47 
48 
49 
53 

51 
51 
46 
50 
43 
44 


49. 3     46 


40 

87 

40 

87 

50 

88 

48 

86 

54 

86 

59 

87 

59 

82 

58 

81 

50 

68 

52 

86 

46 

84 

44 

93 

50 

85 

69'  .15 
54  .33 
64  6.25 


50 
53 


.26 
3.25 
49'  .25 
42  .00 
38;  .00 
33  .00 
63'  6.02 
64;  3. 15 
82  7.  m 

6527, 481 

I 


.08 
.20 

2.57 
.14 

1.94 
.25 
.00 
.00 
.00 

1.86 
.96 
.96 


ST.  LOUIS,  MO. 

[Lftt.,  880  38'  N.:  Long.,  90o  12'  W.] 


Jan .. 

29.46 

.97 

30.6 

36.8 

34.8 

64 

13 

42.3 

27,4 

25 

27 

81 

70  3.04 

1.31 

Feb.. 

29.57 

1.28 

26.1 

:i3.9 

31.4 

69 

0 

40.3 

22.5 

21 

25 

80 

72'  4.  78 

1.85 

Mar.. 

29.42 

.84 

40.5 

49.2 

46.6 

76 

25 

55.3 

37.9, 

32 

38 

74 

68'  1.62 

0.73 

Apr.. 

29.43 

.85 

51.3 

61.6 

57.9 

84 

30 

67.4 

48.4, 

41 

42 

68 

51   1.68 

0.84 

May  . 

29.38 

.53 

59.0 

66. 6 

63.  H 

PO 

42 

73.2 

54.4! 

50 

51 

72 

60:  3.8<i 

0.94 

Juue. 

29.42 

.70 

66.0 

73.1 

70.6 

93 

47 

79.2 

62. 11 

59 

61 

79 

67  4.72 

1.13 

July  . 

29.40 

.42 

73.6 

80.4 

77.8 

93 

61 

86.1 

69.6 

66 

65 

77 

61 

2.02 

0.45 

Aug.. 

29.50 

.35 

69.2 

78.4 

75.4 

91 

60 

84.8 

66.0. 

(lO 

61 

74 

56 

.85 

0.64 

Sept . 

29.46 

.66 

61.4 

68.4 

67.0 

90 

4-2 

75.5 

58.4 

55 

55 

78 

65i 

3.54 

1.85 

Oct.. 

29.54 

.76 

49.0 

58.0 

.55. 1 

H4 

3:> 

63.5 

46.7; 

41 

41 

75 

56 

1.65 

1.0:. 

Nov.. 

29.52 

1.07 

37.8 

43.2 

41.4 

6> 

14 

47.5 

35.3 

32 

34 

81 

72 

4.43 

1.5C 

Dec. 

29.51 

.90 

45.6 

52.0 

49.8 

73 

20 

57. 9 

41.6 

40 

42 

80 

70 

1.03 

0.62 

Year  . 

29.47 

.7H 

50.8 

58.5 

5r».  0 

93 

0 

64.4 

47. 5 

44 

45 

77 

6433.16 

BBPOBT   OF   THE   CHIEF   SIGNAL   OFFICER. 

Monthly  and  Yki^rlt  Hetioru logical  Summaries— Con tian«d. 
KOBEBUKOH,  OREGON. 


WiDd.                                           Nnrnterofdays. 
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43 
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18 

N.i 
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7 

3 

17 

Jime . 

4.3 

7.5 

14 

W. 

SE. 

6 

A 

10 

Jaly  . 

5.1 

6.8 

14 

w. 

SW. 

5 

a 

10 

8 

ADR.. 

3.3 

6.4 

W 

8W. 

8W. 

3 

4 

15 

Se^. 

5.4 

9.3 

■Mi 

W. 

8W. 

4 

3 

11 

3 

OM.. 

4.e 

9.4 

:« 

8E. 

NE. 

8 

6 

c 

0 

Nov.. 

s.a 

10.5 

36 

NW. 

NW. 

7 

« 

5 

4 

Deo.. 

r>.o 

10.* 

39 

W. 

8W. 

» 

5 

0 

" 

4 

Year. 
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9.8 



8W. 
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83 

4. 

. 

731 
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BEPOBT  OF  THE   CHIEF   SIGNAL  OFFICER. 


Monthly  and  Ybarlt  Meteorological  Summaries— Continaed. 

ST.  PAUL,  MINN. 
(Lftt,  440  W  N.  {  Long.,  990  3/  w.] 


Pressure. 

• 

Temperature. 

• 

Dew- 
point. 

Eelatiye 
humid- 
ity. 

Precipita- 

tiOD. 

i 

• 

. 

Mean. 

• 

0 

•d 

• 

1* 

§ 

•4.* 

. 

& 

• 

a 

• 

D  (ma 
min. 

a 

0 

a 

a 
a 

a 
J 

a 
a 

• 

a 

• 

a 

• 

B 

• 

a 

• 

1 

s 

1 

• 

• 

P4 

i 

OB 

d 

3 

• 

4 

• 

0. 

S 

^ 

00 

.  0 

00 

:€ 

S 

:^ 

0 

09 
0 

00 

0 

00 

00 
I2 

H 

S 

1889. 

In. 

In. 

0 

0 

«r> 

0 

/«. 

In, 

Jftn .. 

29.08 

1.40 

14.3 

21.9 

20.2 

42 

—10 

28.0 

12.T> 

11 

17 

.55 

.27 

Feb.. 

29.20 

1.70 

4.8 

13.8 

10.2 

50 

—25 

19.9 

0.4 

2 

9 

89 

%i 

.31 

.07 

Mar.. 

29.12 

.71 

29.2 

39.6 

36.6 

67 

13 

46.1 

27.1 

24 

31 

80 

71 

.99     .41 

Apr.. 

29.10 

.97 

40.4 

53.6 

48.5 

76 

26 

59.2 

37.8 

32 

40 

74 

61 

1.14     .52 

May  . 

29.03 

.94 

49.8 

61.1 

56.0 

84 

33 

66.2 

45.9 

40 

44 

71 

55 

2.86  1.26 

Jane. 

29.06 

.69 

59.1 

68.8 

64.3 

90 

42 

74.1 

54.5 

52 

52 

77 

.'>7 

1.61     .63 

Joly  . 

29.04 

.59 

65.4 

75.1 

71.2 

96 

50 

81.3 

61.1 

59 

59 

79 

59 

8.08,  2.10 

Aug.. 

29.10 

.55 

6M 

74.9 

70.5 

91 

49 

81.0 

60.0 

57 

58 

81 

56 

3.56 

1.90 

Sept  . 

29.04 

.71 

51.8 

6.'.  3 

59. 2 

88 

32 

70.1 

48.3 

45 

47 

79 

60 

0.51 

.21 

Oct.. 

29.25 

.75 

36.0 

48.3 

45.1 

76 

25 

55.5 

34.7 

29 

:« 

76 

m 

.06 

.06 

Nov.. 

29.18 

.93 

23.7 

30.7 

29.5 

56 

-  4 

.-$7.0 

21.4 

18 

23 

80 

74 

.97 

.53 

Dec. 

29.09 

1.14 

25.1 

30.2 

28.6 

47 

—  4 

34.8 

22.3 

20 

25 

83 

81 

1.32 

.66 

Year. 

29.11 

.92 

38.6 

48.4 

45.0 

96 

-25 

54.5 

35.5 

32 

36 

80 

66 

16.96 

.  *••  m 

ST.  VINCENT,  MINN. 

[Lat..  4SO  W  N. }  Long..  97o  U'  W.) 


Jan . 
Feb. 
Mar. 

Ai»r 

May 

Jnue 

July 

Aug. 

Sept 

Oct . 

Nov. 

Dec. 

Year 


29.14 
29.24 
29.20 
29.14 
29.06 
29.04 
29.03 
29.06 
29.02 
29.28 
29.20 
29.12 

29.13 


1.17 

3.3 

8.7 

l.:« 

7.6 

1.2 

.66 

23.0 

33.6 

1.14 

a').  6 

48.8 

1.48!  15.4 

59.1 

.67 

58.5 

73.0 

.60 

61.2 

71.3 

.76 

58.0 

71.9 

.98 

4.5.4 

54.0 

.78 

32.5 

42.4 

1.13 

18.7 

25.4 

.99 

6.8 

12.0 

.97 

31.7 

41.8 

6.7 
-3.0 
30.4 
42.8 
50.4 
62.8 
65.0 
65.5 
51.6 
40.4 
23.9 
10.6 

37.3 


48—36 

38-43 

69 

—  9 

83 

9 

80 

22 

92 

3.? 

94 

41 

95 

32 

94 

28 

77 

9 

58 

—  0 

40 

—21 

95 

-43 

15.4 
7.1 
40.9 
55.9 
64.4 
77.2 
77.4 
78.5 
62.0 
51.4 
32.5 
20.5 

48.6 


■  2.0 

0 

5 

88 

13.1 

—12 

3 

85 

19.8 

18 

27 

82 

29.7 

29 

33 

77 

36.3 

37 

37 

73 

48.3 

47 

45 

68 

52.7 

55 

57 

81 

52,5 

53 

57 

8) 

41.2 

40 

44 

81 

29.3 

26 

34 

78 

15.3 

13 

18 

78 

0.6 

1 

5 

76 

25.9 

26 

30 

79 

84 
81 
76 
58 
49 
39 
62 
61 
70 
72 
74 
74 

67 


1. 


82 


.50 


1. 
2. 
2, 

« 

1. 
2. 


03  .S6 

35;  .32 

69  .30 

8I'  .58 

76  .32 

23;  .36 

20*  .74 


77 
16 
20 
40 


14.44 


.82 
.14 
.49 


SALT  LAKE  CITY.  UTAH. 

(L»t.,  iXPWS.;  Long.,  1110  64'  W.J 


Jan.. 

25.72 

.95 

17.1 

25.0 

21.4 

44 

5 

29.9 

12.9 

10 

17 

75 

73 

.73 

.26 

Feb.. 

25.74 

.99 

•24.7 

33.2 

29,8 

51 

8 

37.7 

21.8 

18 

28 

76 

68 

.81 

.51 

Mar.. 

25.64 

.79 

41.8 

54.2 

47.7 

68 

32 

,57. 5 

37.9 

29 

32 

61 

45 

1.64 

.60 

Apr.. 

25.60 

.69 

47.5 

63.0 

55.2 

84 

32 

65.8 

44.6 

32 

31 

57 

33 

L52 

.40 

May  . 

25.55 

.7^ 

52.7 

67.0 

58.8 

87 

34 

69.5 

48.1 

35 

33 

55 

33 

2.97 

1.16 

June. 

25.60 

.46 

62.2 

79.8 

70.3 

97 

47 

83.3  57.3 

35 

34 

38 

21 

.01 

.01 

July. 

25.61 

.48 

69.7 

88.7 

78.4 

102 

52 

91.9  ft5.0 

35 

35 

30 

17 

.08 

.04 

Aug.. 

25.64 

.47 

69.3 

84.9 

77.4 

98 

45 

89.9  64.8 

44 

40 

42 

25 

.92 

.54 

Sept  . 

25. 70 

.55 

53.1 

69.1 

60.6 

84 

35 

73.0  48.1 

29 

30 

41 

27 

.52 

.26 

Oct.. 

25.70 

.45 

49.2 

58.1 

54.2 

86 

30 

64.2 

44.2 

33 

36 
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May  . 

29.98 

.49 

53.7 

59.3 

58.8 

77 

49 

65.0 

52.6 

48 

49 

83 

0.96 

o.ao 

29.92 

.56 

53.0 

60.5 

58.8 

88 

48 

65.4 

52.1 

49 

50 

87 

2.17 

1.89 

Juoo. 

29.87 

.29 

55.1 

61.1 

60.2 

75 

52 

66.3 

54.2 

52 

52 

89 

74  0.03 

0.03 

July  . 

29.88 

.35 

53.4 

59.8 

58.8 

83 

50 

65.1 

52.5 

51 

52 

92 

76  0.01 

aoi 

Aug.. 

29.85 

.85 

54.2 

61.2 

60.4 

80 

49 

67,7 

53.0 

51 

52 

90 

73 

T 

T 

Sept . 

29.88 

.42 

57.1 

64.  & 

64.6 

89 

51 

73.4 

55.7 

62 

51 

84 

66 

T 

T 

Oct .. 

29.93 

.71 

57.6 

62.  Q 

61.8 

87 

51 

68.0 

55.5 

53 

68 

84 

72 

7.28  2.03 

Nov.. 

30.03 

.49 

.S4.5 

60.6 

58.6 

77 

47 

64.9 

52.4 

48 

48 

80 

66 

2.90  0.92 

Deo.. 

29.93 

.78 

48.7 

51.9 

51.3 

63 

40 

55.6 

47.0 

45 

46 

88 

79 

13.81 

1.46 

Tear. 

29.94 

.58 

52.8 

59.2 

67.9 

89 

39 

64.4 

51.4 

49 

49 

86 

7006.94 

SANTA  Ffi,  N.  M£X. 
TLftt,  8fio  41'  K.  {  LoDff..  1060  6V  W.  | 


Jan .. 

23.17 

.63 

18.5 

26.4 

24.6 

46 

0 

84.2 

15.1 

8 

10 

65 

52 

.84 

.86 

Feb.. 

23.22 

.70 

22.5 

33.1 

29.6 

50 

—  1 

39.6 

19.7 

13 

19 

67 

58 

.53 

.25 

Mar.. 

23.22 

.51 

32.9 

46.2 

41.6 

66 

20 

52.5 

30.8 

22 

20 

66 

40 

.80 

.34 

Apr.. 
May  . 

23.20 

.51 

41.4 

67.5 

51.6 

75 

26 

64.9 

88.2 

26 

23 

57 

31 

.44 

.26 

23.25 

.52 

48.9 

64.5 

56.4 

80 

32 

69.5 

43.4 

30 

26 

50 

27 

.15 

.13 

Jane. 

23.33 

.37 

58.0 

71.3 

64.2 

86 

37 

76.7 

51.8 

38 

26 

49 

23 

.63 

.80 

Jnly  . 

23. :« 

.32 

62.8 

76.1 

70.5 

90 

52 

82.9 

58.1 

46 

39 

57 

31 

1.38 

.55 

Ang.. 

23.42 

.30 

61.4 

75.3 

70.9 

88 

54 

83.3 

58.5 

43 

38 

51 

28 

1.43 

.56 

Sept  . 

23.36 

.48 

50.3 

65.2 

61.0 

83 

29 

78.6 

48.5 

34 

2^ 

57 

28 

.67 

.34 

Oct.. 

2:^.36 

.64 

43.1 

55.4 

52.1 

78 

28 

63.1 

41.1 

26 

25 

56 

37 

.37 

.84 

Nov.. 

23  31 

.54 

27.7 

37.1 

:i5.2 

60 

13 

45.3 

25.0 

13 

17 

57 

48 

.45 

.23 

Dec.. 

2.3.32 

.61 

34.6 

40.7 

39.8 

69 

10 

48.3 

31.4 

22 

20 

61 

46 

.26 

.10 

Year. 

23.30 

.51 

41.8 

54.1 

49.8 

90 

—  1 

61.2 

88.5 

27 

84 

58 

87 

7.89 

•  •••• 

SAULT  DE  STE.  MARIE,  MICH. 

{Lftt,  400  28'  K.  I  Long.,  W>  22'  W.] 


Jan.. 

89.24 

1.67 

17.3 

22.6 

20.4 

42 

—13 

26.6 

14.3 

14 

18 

88 

84 

2.50 

.76 

Feb.. 

29.84 

1.28 

1.8 

10.5 

7.0 

32 

—19 

15.9 

—1.9 

-2 

4 

85 

78 

2.67 

1.18 

Mar.. 

29.26 

.71 

24.8 

30.0 

28.7 

55 

8 

36.1 

21.3 

20 

24 

85 

81 

.31 

.08 

Apr.. 
Miiy  . 

29.28 

.93 

35.2 

39.8 

39.8 

64 

10 

48.9 

30.8 

29 

30 

81 

70 

2.37 

.98 

29.24 

.54 

45.6 

48.4 

48.7 

84 

29 

58.0 

39.4 

39 

38 

78 

69 

2.54     .78 

Jane. 

29.26 

.82 

51.8 

56.9 

55.4 

85 

38 

65.1 

45.7 

47 

50 

86 

78 

5.83  1.50 

Jnly  . 

29.26 

.70 

59.0 

63.3 

62.2 

88 

45 

72.0 

52.5 

55 

55 

86 

76 

3.86 

I.OB 

Aug.. 

29.34 

.68 

57.4 

60.9 

61.2 

84 

43 

69.4 

53.1 

54 

54 

87 

7» 

3.07 

1.40 

Sept  . 

29.26 

.88 

5.3.4 

56.8 

56.6 

80 

:I4 

64.1 

49.1 

50 

51 

KH 

82 

5.60 

!.:¥) 

Oct  .. 

29.43 

1.09 

35.4 

39.1 

39.0 

57 

81 

45.1 

32.8 

31 

34 

86 

82 

1.86 

.85 

Nov.. 

29.30 

1.16 

29.3 

33.0 

32.8 

49 

13 

38.6 

87.0 

26 

27 

91 

80 

1.84 

.80 

Dec 

29.28 

1.19 

26.8 

28.9 

27.6 

42 

3 

3:^0 

22.2 

23 

24 

•  87 

82^  3.44 

.48 

Year . 

29.29 

.-97 

36.5 

40.8 

40.0 

88 

—19 

47.7 

32.2 

32 

84 

86 

7835.80 
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Monthly  and  Ykarlt  Meteorological  SuMaiARiBB-^Continued. 


SAN  FRANCISCO 

K  CAL. 

[H= 

=co.  r=70.  ft=«.i 

1 
1 

a 

1 

a 

9 

Wind. 

Number  of  days. 

th  and  year. 

'age    boarly 
)I.  (miles). 

B 

•^.^ 

S 

9 

6 

• 

9 
O 

ailing  direo- 
tton. 

• 

8 

9 

• 

• 

.9 

• 

.9 

i 

4J 

« 

1 

• 

i 

• 

9 

^ 

t^ 

1 

i 

1 

98 

• 

1 

0m 

i 

a 

3 

< 

8 

1 

1 

5Z5 

s 

1 

9 
& 

4» 

a 
& 

1 

1 
^ 

1 

6 

a 

s 

4d 

1 

a 

• 

Q 

li 

i 

9 

g 

(3 

< 

1889. 

Jan.. 

3.7 

5.0 

36 

NE. 

N. 

17 

8 

2 

1 

5 

6 

4 

15 

4 

13 

13 

5 

7 

0 

0 

0 

0 

0 

Feb.. 

2.8 

6.0 

32 

NW. 

W. 

10 

1 

1 

5 

3 

5 

16 

14 

1 

13 

14 

1 

6 

0 

0 

0 

0 

0 

Mar.. 

5.6 

8.6 

32 

NE. 

SW. 

3 

1 

0 

14 

10 

18 

13 

1 

2 

4 

20 

7 

16 

0 

0 

0 

3 

0 

Apr.. 
May  . 

6.1 

8.7 

30 

W. 

w. 

2 

0 

0 

0 

4 

21 

28 

4 

1 

3 

22 

5 

11 

0 

0 

0 

0 

0 

5.0 

10.0 

32 

W. 

SW. 

1 

0 

0 

I 

5 

31 

22 

2 

0 

4 

28 

4 

11 

0 

0 

0 

0 

0 

Jane. 

5.6 

10.9 

32 

SW. 

8W. 

0 

0 

0 

0 

4 

45 

11 

0 

9 

3 

24 

3 

1 

0 

0 

0 

0 

0 

Jnly  . 

5.9 

12.2 

36 

8W. 

SW. 

0 

0 

0 

0 

1 

47 

14 

0 

0 

6 

15 

10 

0 

0 

0 

0 

0 

0 

Aug.. 

4.3 

11. 032 

W. 

SW. 

0 

0 

0 

0 

8 

39 

14 

0 

1 

13 

16 

2 

0,  0 

0 

0 

0 

0 

Sept. 

3.6 

8.1 

27 

8W. 

8W. 

1 

0 

1 

0 

9 

33 

13 

0 

3 

16 

6 

8 

o;o 

0 

0 

0 

0 

Oct.. 

5.8 

8.2 

32 

SW. 

SW. 

1 

1 

1 

4 

16 

21 

18 

4 

1 

10 

10 

11 

13  0 

0 

0 

0 

0 

Nor.. 

4.3 

5.9 

34 

N. 

N. 

9 

2 

3 

4 

10 

7 

10 

14 

1 

13 

9 

8 

7 

0 

0 

0 

0 

0 

Deo.. 

7.1 

7.7 

32 

SE. 

SE. 

7 

0 

4 

10 

19 

8 

9 

4 

1 

2 

13 

16 

24 

0 

0 

0 

0 

0 

Tear. 

4.9 

8.5 

*> 

SW. 

51 

13 

• 

12 

39 

94 

281 

167 

58 

15 

100 

185 

80 

96 

0 

0 

0 

3 

0 

SANTA  FE,  N.  MEX. 

[ir=:7,0a6w    7=85.    A=29.] 


Jan .. 

2.7 

5.9 

36 

SE. 

NE. 

11 

27 

3 

9 

1 

2 

1 

3 

5 

21 

5 

5 

9 

10 

30 

0 

0 

0 

Feb.. 

4.0 

6.6 

30 

N. 

N. 

17 

15 

1 

6 

5 

8 

1 

3 

0 

15 

4 

9 

6 

5 

28 

0 

0 

0 

Mar.. 

5.2 

6.7 

38 

NE. 

NE. 

8 

12 

9 

2 

8 

11 

1 

9 

2 

7 

17 

7 

8 

0 

17 

0 

0 

0 

Apr.. 
May. 

4.0 

7.8 

32 

N. 

NE. 

7 

12 

10 

7 

2 

9 

7 

6 

0 

9 

13 

8 

6 

0 

2 

0 

3 

0 

4.2 

8.8 

40 

W. 

SW. 

10 

8 

4 

11 

4 

14 

7 

2 

2 

7 

22 

2 

3 

0 

0 

0 

2 

0 

Jane .  3. 8 

7.4 

48 

N. 

SE. 

6 

9 

5 

14 

7 

5 

6 

6 

3 

12 

14 

4 

9 

0 

0 

0 

1 

0 

July. 

5.0 

6.6 

31 

N. 

NK. 

6 

14 

10 

10 

7 

8 

3 

2 

2 

11 

16 

5 

12 

0 

0 

0 

5 

0 

Aug.. 

4.9 

5.7 

28 

E. 

E. 

5 

10 

18 

7 

6 

6 

3 

0 

7 

7 

22 

2 

9 

0 

0 

0 

2 

0 

Sept. 

4.7 

7.0 

46 

N. 

E. 

8 

9 

14 

7 

7 

4 

4 

5 

2 

15 

8 

7 

3 

0 

2 

0 

0 

0 

Oct  .. 

4.6 

6.5 

:ie 

N. 

E. 

8 

9 

16 

7 

3 

13 

2 

4 

0 

16'  11 

4 

4 

0 

3 

0 

0 

0 

Nor.. 

4.8 

7.7 

J8 

NE. 

NE. 

16 

22 

7 

4 

1 

4 

4 

1 

1 

13 

12 

5 

5 

1 

25 

0 

0 

0 

Deo.. 

6.4 

5.6 

36 

SW. 

E. 

5 

18 

21 

8 

3 

2 

1 

4 

0 

6 

10 

15 

7 

3 

16 

0 

0 

0 

Year. 

4.5 

6.9 

•  ■ 

NE. 

106 

165 

118 

92 

54 

86 

40 

45 

24 

139 

153 

73 

81 

19 

12:^ 

0 

18 

0 

SAULT  DE  STE.  MABIE,  MICH. 
[J7=s042    T=M.    A=M.] 


Jan .. 

7.4 

7.0 

28 

SW. 

E. 

4 

5 

16 

6 

3 

4 

10 

5 

9 

1 

21 

1818 

30 

0 

0 

0 

Feb.. 

6.0 

7.2 

• 

NW. 

N. 

17 

3 

9 

6 

1 

• 

9 

4 

8 

3 

5 

14 

15 

25 

28 

0 

0 

0 

Mar.. 

6.6 

7.5 

34 

NW. 

NW. 

5 

2 

3 

8 

(> 

0 

8 

28 

2 

0 

14 

17 

12 

8 

29 

0 

0 

0 

Apr.. 
Mas 

6.8 

7.0 

24 

NW. 

NW. 

4 

3 

7 

12 

3 

1 

11 

15 

4 

5 

8 

17 

10 

0 

16 

0 

0 

0 

7.0 

7.6 

31 

NE. 

NW. 

7 

6 

6 

7 

5 

4 

11 

13 

3 

2 

11 

18 

14 

0 

4 

0 

4 

0 

Jane. 

6.7 

6.0 

32 

SW. 

S. 

7 

5 

4 

9 

11 

3 

7 

8 

6 

2 

12 

16 

13 

0 

0 

0 

4 

0 

•Inly  . 

6.8 

5.2 

22 

SE. 

NW. 

4 

1 

2 

9 

12 

2 

9 

15 

8 

6 

7 

18 

11 

0 

0 

0 

2 

0 

Aug.. 

7.4 

5.1 

20 

W. 

NW. 

4 

2 

6 

14 

4 

3 

7 

15 

7 

4 

5 

22 

13 

0 

0 

0 

2  0 

Sept  . 

7.5 

5.9 

23 

SE. 

SE. 

2 

0 

4 

23 

5 

6 

3 

12 

5 

3 

6 

21 

16 

0 

0 

0 

40 

Oct  .. 

6.7 

5.6 

22 

NW. 

NE. 

6 

17 

5 

11 

1 

2 

1 

9 

10 

4 

10 

17 

10 

1 

11 

0 

0  0 

Nor.. 

7.9 

6.4 

30 

NE. 

NW. 

2 

9 

9 

4 

0 

4 

7 

10 

L5 

3 

7 

20 

14 

6 

22 

0 

0 

0 

Dec. 

9.2 

8.9 

31 

NW. 

SE. 

1 

3 

3 

27 

1 

0 

2 

21 

4 

0 

4 

27 

20 

11 

27 

0 

0 

0 

Year. 

7.2 

6.6 

•  • 

NW. 

63 

56 

74 

136 

52 

34 

80159 

76 

35 

102 

228166 

69 

167 

0 

16 

0 

*  139  milea  for  5  minnteB,  at  5  p.  m.,  February  23, 1889. 
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Monthly  and  Yearly  HsTBOftOLooiOAL  Summaioxb— Continaed. 

SAVANNAH,  OA. 

[Lat,  8|o  S'  K. ;  Long.,  81°  V  W.) 


Pressure. 

* 

Temperature. 

Dew- 
point. 

Belativa 
humid- 
ity. 

Precipita- 
tion. 

c 

I 

• 

a 

& 

• 

a 

• 
S 

n  (max.  and 
min.). 

1 

• 

a 
a 

« 
• 

3 

s 

a 

Mean. 

• 

a 

• 

a 

• 

a 

• 

a 

• 

"3 

I 

e 

1 

• 

a 

s 

a 

• 

a 

•0 

a 

• 

0 
o 

1 

a 

^ 

d 

f 

s 

0 

M 

el 

a 

• 

P4 

« 

• 

9 

^ 

flO 

o 

00 

c 

o 

o 

o 

o 

o 

00 

o 

00 
0 

00 

00 

a 

1889. 

/a. 

Jan .. 

29.99 

.  o4 

47.1 

52.5   51,7, 

69 

29 

58.9 

44.5 

44 

46 

6.3^ 

1.98 

Feb.. 

30.11 

.85 

43.9 

49.2 

48.0 

81 

24 

55.3 

40.7 

38 

42 

81 

78 

8.92 

2.03 

Mar.. 

29.88 

.99 

51.0 

56.8 

.'>6.3 

77 

34 

65.0 

47.6 

43 

46 

76 

71 

3.52 

1.34 

Apr.. 

29.9-.' 

.65 

60.  :t 

6:<.7 

66.0 

86 

42 

74.8 

65.2 

52 

53 

75 

72 

2.36 

1.23 

May  . 

29.93 

.51 

69.0 

73.8 

73.6 

96 

50 

84.2 

6;<.o 

56 

56 

65 

57 

0..S5 

0.25 

Jnne. 

30.00 

.49 

74.7 

75.4   76  0 

96 

50 

83.8 

68.1 

67 

68 

78 

78 

9.73 

3.10 

July  . 

29.96 

.28 

79.2 

78.91  81.0 

95 

70 

88.2 

73.8 

73 

73 

83 

82 

6.21 

2.58 

Aug.. 

30.02 

.26 

75.5 

75.9 

77.8 

90 

64 

85.0 

70.6 

71 

71 

87 

86 

7.50 

2.60 

Sept. 

29.96 

.53 

71.7 

74.6 

75.0 

91 

55 

83.0 

67.0 

66 

67 

82 

79 

4.68 

2.15 

Oct.. 

29. 99 

.57 

57.8 

64.7   64.3 

87 

42 

74.5 

54.1 

52 

54 

81 

71 

0.34 

0.^ 

Nov.. 

30. 0.5 

.82 

54.1 

58.6  59.2 

83 

29 

67.5 

5<».8 

50 

52 

87 

78 

2.58 
T. 

1.13 

Deo.. 

30.18 

.50 

51.6 

59. 5 

59.8 

77 

32 

70.0 

49.5 

48 

52 

89 

78 

T. 

Year. 

30.00 

.61 

61.4 

65.3 

65.6 

96 

24 

74.2 

57.1 

• 

55 

57 

81 

• 

76 

47.55 

SHREVEPORT,  LA. 
[Lat..  8S0  80'  N. ;  Losg.«  08o  W  W.] 


Jan  .. 
Feb . . 
Mar.. 
Apr.. 
May  . 
Juno . 
July  . 
Aug.. 
Sept . 
Oct .. 
Nov.. 
Dec. 

Year. 


29.82 

.74 

43.1 

29.92 

.80 

43.9 

29.74 

.98 

50.8 

29.74 

.65 

61.0 

29.77 

.52 

64.9 

29. 74 

.46 

71.4 

29.74 

.:i2 

77.2 

2:.  80 

.21 

72.8 

29.76 

.67 

67.5 

29.84 

.60 

55.6 

29.88 

.96 

44.7 

29.91 

.68 

57.5 

29.80 

.63 

59.2 

51.8 
54.6 
62.9 
73.9 
75.6' 
80.3; 
83.9. 
83.4 
76.11 
69.5 
53.6 
65.2 

69.2 


47.9 

69 

25 

50.2 

81 

27 

58.6 

83 

39 

69.0 

87 

52 

71.3 

88 

50 

76.8 

93 

55 

8-^.8 

96 

70 

79.9 

95 

65 

74.2 

92 

55 

65.  C 

86 

39 

51. 6 

77 

29 

63.2 

78 

34 

65.9 

96 

25 

56.1 
58.8 
67.8 
79.2 
80.9 
86.0 
91.5 
90.0 
83.2 
77.0 
61.  a 
71.0 

75.2 


39.7 
41.5 
49.5 
58.7 
61.7 
67.7 
74.0 
69.8 
65.3 
54.0 
42.0 
55.3 

56.6 


38 

35 
43 
55 
59 
67 
731 
68 
64 
51 
41 
54 

54 


39 
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FORT  SILL,  IND.  T. 
[L«t.,  84°  40'  N. ;  Long.,  Mo  23'  W.] 
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ULY  AMD  Yeably  Mktbobological  SUMHARIEB — CoDtiunecl. 
8AVANKAH,  GA. 
(A=87.    r=M.    k=t.] 
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KEPOBT  OF  THB   CHIEF   SIONAIi   OFFICER. 


Monthly  and  Tbarlt  Mbteokolooical  Scmmartm — Con^aed. 

SIOUX  CIXY,  IOWA. 

(Lai.,  420  20'  N. :  Long.,  M»  24'  W.  | 
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28. 72 
28.78 
28. 7.0 
28.90 
28.88 
28. 74 

.45 
.52 
.78 
.69 
.97 
1.2:i 

71.4 
64.9 
52.1 
40.5 
25.5 
29.8 

79.3 
77.1 
64.6 
58.4 
:J4.3 
36.3 

76.1 
73.2 
61.0 
50.4 
33.0 
35.2 

92 
92 
85 
84 
58 
62 

i>8 
55 
36 
22 
2 
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72.7 
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44.1 
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SPOKANE  FALLS,  WASH. 
[Lat,  470  40*  N. ;  Long.,  lir>  25'  W.] 
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SPRINGFIELD,  ILL. 

[Lat.,  890  48'  N.  i  Long.,  8Sy>  9V  W.] 
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Monthly  and  Yearly  Mbtboboix>gical  Scmm a rtks— Continued. 

SPRINGFIELD,  MO. 
[Lat.,  870  Id'  N. ;  Long..  939  16'  W.] 


Pressure. 

Temperature. 

Dew* 
point. 

Relative 
humid- 
ity. 

Precipita- 
tion. 

• 

s 

>> 

• 

& 

• 

a 

• 

a 

n  (max.  and 
min.). 

• 

i 

a 

i 

a 

•f4 

Mean. 

• 

a 

• 

a 

• 

a 

• 

a 

• 

•3 

e 

p 
o 

s 

c 

S 

• 

a 
a 

T3 

• 

a 

.§ 

1 

e8 

s 

• 

» 

P4 

1 

s 

d 

a 

0 

C8 

• 

• 

o 

CB 

ot4 

:^ 

In, 

00 

o 

00 

S 

o 

i 

o 

^ 

^ 

00 

o 

00 

00 

00 

H 

:S 

1889. 

In. 

o 

o 

0 

o 

o 

\ 

'ie 

In. 

Iff. 

Jan  .. 

28.60 

.87 

29.4 

36.9 

3.' .  5 

60 

4 

44.1 

26.9 

26 

29 

2.45 

0.93 

Feb .  - 

28. 70 

1.08 

26.5 

34.6 

32.6 

65 

1 

41.7 

23.4 

22 

26 

84 

75 

4.38 

1.38 

Mar.. 

28.58 

.96 

38.8 

48.4 

46.2 

74 

19 

55.6 

36.8 

34 

37 

8:) 

68 

5.92 

2.86 

Apr . . 

28. 58 

.76 

49.9 

61.1 

57. 2 

82 

35 

67.2 

47.3 

42 

45 

77 

57 

4.41 

1.71 

May  . 

28.56 

.58 

57.1 

65.9 

62.8 

86 

37 

73.1 

52.6 

51 

54 

82 

66 

4.84 

L26 

June. 

26.60 

.61 

63.6 

70.9 

69.0 

90 

48 

78.3 

59.6 

59 

61 

84 

72 

5.80 

L34 

July  . 

28. 58 

.36 

71.5 

78.3 

76.9 

92 

56 

86.0 

67.8 

67 

67 

85 

70 

6.53 

2.33 

Aug.. 

28.68 

.28 

66.3 

74.7 

73.0 

89 

57 

82.7 

63.4 

61 

65 

84 

72  2.70 

1.06 

Sept . 

28. 62 

.67 

58.2 

64.8 

64.4 

86 

38 

73.1 

55.6 

54 

57 

87 

77 

2.01 

0.34 

Oct  A. 

28.68 

.73 

48.2 

57.4 

56.6 

84 

32 

66.9 

46.4 

43 

45 

82 

66 

2.^ 

2.02 

Nov.. 

28.6(i 

1.00 

34.3 

41.9 

41.0 

71 

14 

49.2 

32.7 

30 

33 

86 

72 

5.62 

1.50 

Dec. 

28.66 

.90 

45.6 

52.3 

51.8 

74 

13 

61.2 

42.4 

41 

44 

84 

74 

1.06 

0.46 

Year. 

28.62 

.73 

49.1 

57.3 

55.6 

92 

1 

64.9 

46.2 

44 

47 

84 

7047.96 

FORT  STANTON,  N.  MEX. 
(L»t,  880  SO'  N. ;  Long.,  105o  26'  W.] 


Jan  .. 

23.90 

Feb.. 

23.93 

Mar.. 

23.93 

Apr.. 

23.95 

May  . 

23.94 

Juue. 

24.00 

July  . 

24.05 

Aug.. 

24.08 

Sept. 

24.04 

Got.. 

24.07 

Nov.. 

24.04 

Dec 

24.03 

Year. 

24.00 

.59 
.71 
.48 
.74 
.53 
.42 
.33 
.28 
.50 
.62 
.55 
.65 

.53 


22.7 

32.9 

29.6 

54 

5 

29.1 

40.7 

36.0 

57 

13 

a'>.5 

47.9 

41.8 

72 

20 

47.1 

62.2 

52.8 

77 

25 

52.7 

68.6 

59.0 

83 

32 

56.6 

73.4 

64.9 

91 

37 

61.4 

75.7 

69.3 

92 

50 

58.7 

75.6 

68.2 

90 

46 

53.3 

64.1 

59.4 

86 

33 

42.5 

57.9 

52.8 

79 

23 

28.7 

40.2 

38.2 

66 

10 

3:^.7 

47.2 

43.7 

68 

5 

43.5 

57.4 

51.3 

92 

.5 

41.4 
46.9 
53.2 
67.1 
73.7 
78.4 
81.9 
83.2 
71.6 
67.0 
52.0 
58.5 


17.91 
25.1 
30.4 
38.5 
44.4 
51.4 
56.7 
53.2 
47.3 
38.7 
24.5 
28.9 


64.6  38.1 


15 

16 

78 

52 

1.33 

18 

17 

65 

40 

.39 

22 

19 

61 

39 

.86 

25 

21 

46 

25 

.24 

24 

17 

37 

19 

.17 

41 

36 

61 

33 

2.51 

52 

54 

73 

48 

2.:<6 

48 

47 

67 

38 

.89 

42 

44 

67 

51 

2.76 

84 

40 

72 

52 

1.90 

22 

29 

76 

65 

1.04 

26 

34 

rj 

60 

.04 

31 

31 

64 

44 

14.49 

.66 
.21 
.28 
.20 
.10 
L69 
.49 
.51 
.80 
.97 
.46 
.04 


FORT  SULLY,  S.  DAK. 
[Li^,  440  89*  N. ;  Long.,  lOOo  39'  W.] 


Jan.. 

28.33 

.98 

12.4 

20.7 

16.8 

45 

—19 

26.0 

7.7 

7 

15 

78 

78 

.70 

.18 

Feb.. 

28.40 

1.25 

10.8 

18.3 

15.0 

47 

—22 

24.6 

5.4 

6 

IS 

80 

75 

.46 

.19 

Mar.. 

28.86 

.81 

28.4 

42.7 

38.0 

71 

10 

49.7 

26.2 

22 

24 

78 

52^ 

.69 

.46 

Apr.. 
Miiy  . 

28.30 

.85 

42.4 

57.7 

51.8 

85 

27 

64.0 

39.6 

:{3 

34 

70 

44 

2.86 

1.82 

28.23 

L41 

48.6 

62.5 

55.4 

85 

25 

66.7 

44.0 

40 

42 

74 

50 

2.96 

.92 

June. 

28.24 

.63 

60.4 

75.1 

67.8 

99 

46 

80.3 

55.4 

53 

5:) 

77 

50 

L64 

.48 

July  . 

28.22 

.63 

64.8 

78.7 

72,3 

105 

50 

83.8 

60.8 

57 

58 

78 

52 

a35 

.86 

Aug.. 

28.24 

.68 

62.8 

82.4 

74.0 

107 

48 

88.4 

59.7 

54 

54 

74 

39 

LOl 

.96 

Sept  . 

28.26 

.80 

50.4 

63.0 

60.2 

98 

36 

72.6 

47.7 

40 

41 

70l 

48^  1.09 

.56 

Oct  .. 

28.38     .78 

40.0 

53.9  50.2 

85 

20 

63.1 

37.4 

32 

35 

76 

5r    .08 

.04 

Nov.. 

28.40'  l.av  19.8 

31.5 

28.4 

(>l—  6 

:^9.6 

17.3 

13 

19 

76 

63.    .19 

.10 

Dec .. 

28.24 

1.03 

20.8  29.21  27.  f^ 

j          1 

53 

—  6 

37.6 

17.5 

15 

21 

80 

72j    .86 

.22 

Year. 

28,3(V     .91 

1 

38. 5  51. 3'  46. 5 

107 

—22 

58.0 

34.9 

31 

34 

76 

5615.29 
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{H=1.3ie.    IH=78.    »=T4.] 


FOHT  STANTON 

.  N 

MEX 

IH^lW, 

T^n.  A=2.i 

3.7  T.lW  W.t 

w 

6  0 

0 

10 

r, 

94 

13 

Jio 

17 

4 

bN 

so 

f1 

0 

0 

Feb . . 

1.4!  a.l'VA'  SW. 

KW.t 

V   •> 

: 

f 

1: 

]'. 

M 

21 

( 

Mar.. 

4.6  8.^44 

W. 

W. 

4   4 

; 

It 

K 

21  7 

Ih 

l> 

7'  1 

0 
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> 
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'. 
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'A 
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n 

a 

I 

f 

tl 
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W. 

: 
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b 
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I 

1 

0 

July  . 

4.2  4.6-2f 

SW. 

W. 
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^ 

1 

: 

i: 
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( 

i> 

0 
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' 

r. 

'• 

7 

on 
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2 
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0 
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w. 
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1 

•/ 
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A 

la 

ft 

17 
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0 
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w, 
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1 

Tl 

f 
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f. 
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f 

r 

( 

0 
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W. 
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a: 
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f> 
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V 
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4  2  1-2  ai     1 
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h 
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1 
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MOKTHLY  AMD  YeARLT  METEOROLOGICAL  SUMBSABIBS — ContlDaoiL 

TITUSVILLE.  FLA. 

[Lat,  28°  84'  N. ;  Long..  80°  51'  W.J 


Pressure. 

Temperatare. 

Dew- 
point. 

1 

1  Relative 

hamid- 

ity. 

Prpcipita- 
tion. 

• 

u 

Mean. 

s 

s 
o 

'a 

5 

• 

■ 

bfl 

• 

a 

• 

a 

2.S 

fl 

imnin. 

• 

B 

a 

a 

• 

a 

9 

a 

a 
a 

• 

a 

• 

• 

a 

• 

a 
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a 

• 

d 

C8 

a 

• 

es 

K 

a 

^ 

H 

• 

■ 

S5 

H 

o 

« 

e3 

a 

o* 

a> 

e8 

fl8 

eB 

P4 

c8 

P4 

o 

es 

:b 

^ 

W 

00 

00 

o 

'^ 

o 

o 

^ 

H^ 

QC; 
O 

00 

o 

30 

oo 

H 

S 

1889. 

in. 

In. 

o 

o 

O 

O 

% 

In. 

In. 

Jan .. 

30.06 

.53 

59.3 

60.7 

60.4 

79    3r> 

66.8 

53.9 

56 

56 

86 10. 52 

L96 

Feb. 

30.16 

.52 

54.8 

58.0 

57.0 

83!     38 

64.0 

50.0 

52 

53 

90 

84 

5.49 

L74 

Mar.. 

29. 97 

.76 

58.7 

62.1 

61.5 

82]     41 

69.6 

53.4 

54 

54 

83 

77 

1.57 

.54 

Apr.. 

30.00 

.46 

66.8 

69.1 

68.1 

86     48 

76.8 

59.4 

60 

62 

80 

79 

2.00 

.70 

May  . 

30.01 

.41 

72.9 

73.9 

7.3.1 

92 

53 

83.4 

62.8 

63 

64 

71 

73     .79 

.50 

June . 

30.06 

.46 

77.6 

77.5 

78.3 

94 

61 

84.4 

72.2 

72 

72 

83 

8:^1.62 

2.06 

Jnly  . 

30.06 

.24 

80.1 

78.6 

80.2 

9.^     70 

87.4 

7:^.1 

75 

74 

86 

87   7.59 

2.17 

Aug.. 

30.06 

.25 

78.9 

78.7 

79.4 

93 

67 

85.8 

73.0 

75 

74 

87 

88i  3.30 

.90 

Sept. 

29.98 

.39 

79.3 

79.0 

79.4 

8l» 

66 

85.4 

73.3 

73 

73 

82 

83  2.87  1.64 

Oct.. 

30.04 

.37 

67.1 

70.0 

69.4 

88 

49 

78.5 

60.4 

62 

63 

83 

80  2.a5 

L25 

Nov.. 

30.10 

.51 

64.7 

67.1 

67.4 

85 

38 

75.4 

59.4 

61 

62 

86 

8:^    .97 

.60 

Dec. 

30.22 

.25 

58.3 

64.8   63.7 

78 

48 

73.1 

54.3 

56 

60 

93 

84     .03 

.02 

Year. 

30.06 

.43 

68.2 

70.0 

69.8 

94 

35 

77.6 

62.1 

63 

64 

84 

82  48. 80 

TOLEDO,  OHIO. 

fLat.,  4P  40'  N. ;  Umg.,  83o  84'  W.) 


Jan .. 

29.28 

1.44 

Feb.. 

29.39 

L36 

Mar.. 

29.27 

.82 

Apr.. 

29. 30 

1.01 

May  . 

29.25 

.63 

June. 

29. 30 

.71 

July  . 

29.28 

.53 

Aug.- 

29.:i8 

.51 

Sept  . 

29. 33 

.77 

Oct  .. 

29.40 

.81 

Nov.. 

29.34 

1.14 

Dec.. 

29.38 

.99 

Year. 

29.32 

.89 

28.3 
17.8 
33.3 
44.6 
55.1 
62.0 
68.5 
63.7 
56.9 
42.8 
37.6 
37.6 

45.7 


32.5 
23.1 
39.2 
48.1 
61.4 
66.4 
75.0 
72.1 
63.6 
49.7 
40.6 
41.6 

51.1 


31.6 
21.0 

;i8.2 

47.7 
59.3 
65.5 
72.0 
69.3 
62.8 
47.8 
40.5 
41.4 

49.8 


58 
54 
64 
81 
89 
»•) 
91 
90 
88 
78 
63 


12 
—  5 
18 
21 
34 
42 
55 
52 
36 
26 
14 


70     20 
91—5 


37.9 

25.2 

23 

26 

83 

78 

29.0 

13.1 

14 

18 

84 

81' 

45.9 

30.6 

26 

29 

75 

70 

56.4 

39.0 

35 

37 

71 

Cy6 

68.3 

50.3 

44 

45 

69 

58 

73.8 

57.2 

56 

57 

80 

73 

81.7 

62.3 

60 

61 

75 

63 

79.6 

59.0 

56 

56 

75 

57 

72.3 

5:i.2 

50 

52 

79 

67 

56.3 

39.4 

33 

34 

70 

58 

46.4 

34.6 

33 

34 

85 

80 

49.3 

33.4 

32 

33 

82 

73 

58.1 

4L4 

38 

40 

77 

69 

1.50 

.97 

1.87 

1. 32 

3. 93 

3.26 

1.14 

1.59 

.52 

.84 

2.28 

2.62 

21.84 


.62 
.25 

1.24 
.44 

L98 
.91 
.39 
.42 
.22 
.42 
.17 
.54 


VALENTINE,  NEBR. 

[Lat,  42©  60'  N. ;  Long.,  lOO^  32'  W.l 


Jan.. 

27.28 

.91 

15.4 

26. 5 

24.6 

58 

—10 

39.1 

l6.2 

9 

18 

76 

• 
73 

.34 

Feb.. 

27.34 

1.05 

16.6 

26.6 

24.8 

66 

—15 

38.0 

11.7 

9 

17 

74 

69 

.15 

.10 

Mar.. 

27.32 

.81 

29.7 

48.6 

44.0 

81 

10 

60.7 

27.2 

22 

32 

75 

54 

1,05 

.86 

Apr.. 
May  . 

27.30 

.85 

43.6 

57.1 

51.8 

82 

23 

64.1 

:».5 

36 

39 

77 

55 

3.87 

1.12 

27. 23 

1.25 

47.7 

60.7 

54.6 

84 

23 

66.7 

42.5 

40 

47 

78 

63 

2.05 

.53 

June. 

27.26 

.53 

59. 4 

72.6 

6.5.6 

92 

43 

77.4 

53.7 

52 

54 

78 

54 

2.99 

1.63 

July  . 

27. 26 

.51 

63.8 

78.0 

71.6 

106 

44 

R3.4 

59.9 

55 

58 

74 

55 

2.60 

1.27 

Aiig.- 

27.29 

.60 

62.0 

80.1 

73.0 

98 

46 

86.7 

59.2 

54 

55 

77 

43 

.34 

.20 

Rept  . 

27.28 

.81 

47.6 

64.4 

58.4 

97 

3S 

72,1 

44.7 

40 

46 

77 

57 

1.71 

•  \^ 

Oct . . 

27. 36 

.71 

40.6 

52.8 

49.8 

86 

22 

62.4 

47.1 

:«•> 

41 

81 

68 

2.12 

L60 

Nov.. 

27. 38 

.91 

22. 6 

33.4 

31. 5 

67 

*^ 

43. 9 

19.1 

14 

21 

7ti 

&i 

.56 

.24 

Dec. 

27. 22 

.88 

28.8 

36.5 

35.6 

6f) 

—  5 

47.8 

2:^.  3 

17 

20 

63 

54 

.84 

.76 

Year. 

27.29 

.8-7 

39.8 

53.1 

48.8 

10(i 

-15 

61.9 

35.  7 

3. 

04 

7* 

59 

19. 55 
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S.(i 

9.3i 

NE. 

NW. 

6 

6 

: 

10 

5 

9 

18 

4 

9 

17 

14 

D     0 

0 

2 

Fel... 

9.5J( 

N. 

NW. 

2 

6 

3 

24 

i 

i 

9 

13 

14 

0     0 

0 

0 

Mnr.. 

3.6 

7.8;i 

SE. 

W. 

5 

r 

9 

1 

19 

14 

18 

7 

b 

0    rt 

0 

0 

^i- 

i.1 

8.4:* 

N. 

W. 

<! 

5 

i 
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2 

13 

10 

( 

19 

7 

< 

5 

D      ^ 

0 

0 

1.8 

8.3:!( 

N. 

w.t 

5 

7 

14 

3 

14 

i; 

24 

4 

5 

0     0 

4 

3 

s.a 

1-J.5  4 

W. 

SE. 

7 

3 

17 

i 

10 

1 

C 

r 

13 

11 

19 

D     0 

4 

3 

July! 

6.5 

9.44 

SE. 

8W. 

1 

13 

13 

19 

3 

1    0 

9 

16 

19 

P     0 

f    7 

Ang.. 

6.7 

9.8i 

NE. 

SE. 

3 

8 

18 

7 

5'0 

1 

18 

12 

D     0 

ll  0 

Stopt. 

'i.r.lll.7|4 

E. 

E. 

i! 

11 

8 

3 

3   1 

9 

i: 

8 

13 

0    u 

0 

0 

Oct.. 

3.6io.a|a 

NW. 

NW. 

G 

6 

13 

22 

2 

19 

9 

3 

5 

n   0 

0 

2 

Hov.. 

4.1 

8.5* 

S. 

NW. 

6 

5 

e 

21 

5 

m 

11 

3 

6 

0     0 

0 

0 

Dec. 

3.6 

6.6  £ 

NW. 

NW. 

13 

14 

5 

0 

9 

15 

4 

20 

11 

0 

S! 

0     0 

0 

0 

Year. 

4,7 

9.3. 

NW. 

73 

72 

Bt 

126 

.2 

63 

108 

141 

19 

149 

120 

96 

126 

B     0 

t 

17 
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TOLEDO, 
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Feb..S.6;il.232 

SW 

NW. 

1 

4    10,  12 

II      4 

6 

ir 

11 

IJ 

2f 

f 

Mar..S.4   9.82; 

NW 

NW. 

2,     4      f 

III     ! 

« 

16 
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WK 

NW. 

l-'|i'/ 

i 

1     M 

4 

1:. 

T 

1 

t 

NH- 

:■ 

i)   17i    ^ 

11 

1 

II 

1 

I 

I 

^ 

Jane.  8.2 

9. 1 36 

NW 

II 

;' 

1 

JdIv  .14.1 

7.tii:(l 

S, 

i 

1 

i> 

h 

1 

H 

4 

11 

( 

1 

A>iir.-:3.1 

7,Gi26'SW.t 
8.8321  SE. 

RW 

2.   1 

! 

i:i|    :■ 

It      ! 

2 

1^ 

II 

h 

' 

( 

1 

Snft.  . 

If 

W. 

3|  < 

12 

IC    1 

ll> 

2 

1 

1 

1 

1 

'i  1 

8. 3,a8j  8W. 

NK. 

7  11 

1 

5'    A 

K      f),  1( 
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if 
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' 

5'    J 
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1 

h 
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11 

1 
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4 

6      7 
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10 
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MOMTHLT  AND  TSARLT  METEOROLOGICAL  SUMMARIES— Con tin aed. 

VICKSBURG,  MISI^. 

[L»t,  82°  22^  K.;  Long.,  90°  63'  W.] 


■ 

PiesBQie. 

Temperat 

>ure. 

Dew- 
point 

Relative 
humid- 
ity. 

Precipita- 
tion. 

i 

'd 

c 

01 

Mean. 

• 
S 

0 

>% 

a 

S 

0 

S 

9^ 

o 

0 
flB 

• 

s 

0 

• 

S 

.d 
1 

* 

1 

• 

S 

. 

08 

• 

6 

• 
04 

r 

s 

•art 

a 

•4 
0 

H 

es 

• 

• 
eS 

• 

e 

• 

p. 

• 

S 

• 

e8 

• 

a 

• 

04 

• 

o 

d 

• 

S 

S 

00 

OD 

S 

o 

o 

S 

"^ 

00 

o 

00 

o 

00 

% 

00 

% 

H 

^ 

1889. 

In. 

In. 

o 

O 

o 

0 

c 

In, 

In. 

Jan  .. 

29.85 

.87 

43.5 

51.6 

49.3 

70 

26 

57.2 

41.4 

36 

38 

77 

h 

4.66 

1.18 

Feb . . 

29.96 

.87 

43.8 

52.2 

49.4 

79 

24 

58.1 

40.8 

36 

36 

75 

67 

.44 

.18 

Mar.. 

29.76 

.90 

50.5 

61.3 

r.7. 6 

80 

36 

67.4 

47.7 

41 

41 

72 

51 

7.02 

2.18 

Apr.. 

29.78 

.83 

60.7 

70.9 

67.3 

86 

46 

78.1 

56.5 

53 

51 

77 

53 

3.53 

2.14 

May  . 

29.80 

.61 

a^>.2 

7.'>.  0 

71.2 

92 

48 

82.1 

60.3 

57 

57 

76 

54 

1.17 

.38 

June . 

29.78 

.42 

72.2 

78.5 

77.6 

92 

52 

86.6 

68.6 

67 

67 

83 

69 

9.83 

2.50 

July  . 

29.78 

.27 

76.4 

80.8 

81.3 

94 

69 

89.5 

73.1 

73 

73 

88 

79;  5. 64 

1.47 

Aug.. 

29.82 

.23 

73.5 

79.5 

7a  6 

92 

66 

89.0 

70  2 

69 

71 

85 

75 

2.13 

.iM 

Sept  . 

29.78 

.58 

68.9 

75.5 

75.5 

94 

51 

85.1 

65.9 

6:J 

65 

81 

72 

1.14 

.56 

Oct.. 

29.86 

.51 

56.3 

67.7 

65.2 

88 

3» 

77.2 

53.1 

50 

50 

80 

.54 

.16 

.14 

Nov.. 

29.90 

.97 

46.4 

54.2 

53.2 

85 

30 

62.7 

43.8 

40 

40 

81 

63 

4.59 

1.18 

Dec.. 

29.96 

1.62 

56.3 

65.5 

63.6 

79 

34 

72.8 

54.3 

52 

51 

86 

61 

.99 

.99 

Year. 

29.84 

.64 

59.5 

67.7 

65.9 

94 

24 

75.5 

56.3 

53 

53 

80 

63 

41.30 

WALLA  WALLA,  WASH. 
[L»t,  40°  2'  N. ;  Long.,  118o  2^  W.] 


Jan.. 

29.10 

.89 

26.0 

30.5 

28.7 

52 

11 

34.3 

23.1 

23 

26 

91 

86 

0.47 

0.16 

Feb . . 

29.13 

.79 

32.3 

39.7 

35.8 

63 

19 

42.1 

29.5 

29 

31 

89 

74 

0.79 

0.22 

Mar.. 

28.88 

1.09 

4.5.5 

60.8 

53.0 

72 

32 

63.4 

42.5 

37 

39 

76 

46 

1.39 

0.47 

Apr-. 

28.90 

.70 

48.5 

65.*5 

57.0 

84 

36 

68.3 

45.7 

37 

38 

66 

39 

1.51 

0.52 

May  . 

28.84 

.81 

54.1 

68.2 

G1.8 

91 

42 

72.6 

50.9 

44 

44 

69 

46 

4.04 

1.79 

June. 

28.88 

.59 

.60.2 

8L5 

70.5 

100 

47 

84.1 

56.9 

40 

35 

50 

22 

1.33 

1.27 

July  . 

28.86 

.69 

66.6 

90.2 

78.0 

100 

50 

9L6 

64.4 

45 

34 

47 

16 

T 

T 

Aug.. 

28.88 

.55 

61.3 

82.2 

72.2 

95 

48 

84.9 

59.5 

40 

36 

48 

22 

0.06 

0.03 

Sept  . 

28.98 

.73 

54.1 

73.3 

63.5 

88 

3s 

75.8 

5L2 

35 

32 

51 

24 

0.33 

0.21 

Oct.. 

28.92 

.95 

49.8 

60.2 

56.2 

80 

37 

(»5. 2 

47.1 

42 

43 

74 

58 

0.88 

0.31 

Nov.. 

29.06 

.94 

38.9 

45.2 

43.0 

62 

25 

50.9 

35.0 

32 

34 

78 

68 

0.81 

0.43 

Dec . . 

28.88 

1.02 

29.7 

32.2 

32.0 

54 

9 

36.8 

27.1 

26 

28 

89 

•87 

2.92 

0.62 

Year . 

28.94 

.81 

47.2 

60.8 

54.3 

100 

9 

61.2 

44.4 

36 

35 

69 

49 

14.53 

FORT  WASHAKIE,  WYO. 

[Lat.,  430  1'  N. ;  Long..  lOBP  64/  W.] 


Jan .. 

24.42 

.84 

2.5 

6.6 

9.4 

44 

—16 

23.2 

—4.3 

—  2 

0 

80 

75 

.75 

.38 

Feb . . 

24.44 

.87 

9.2 

21.7 

16.4 

47 

—21 

30.3 

2.4 

4 

14 

80 

76 

.25 

.^ 

Mar.. 

24.44 

.86 

28.5 

47.6 

37.9 

63 

7 

52.0 

23.8 

21 

27 

74 

46 

.06 

.06 

Apr.. 

24.45 

.75 

36.3 

54.3 

46.0 

74 

22 

58.7 

33.2 

26 

28 

68 

41 

1.53 

.76 

May  . 

24.40 

.86 

41.9 

58.0 

50.2 

81 

27 

63.5 

37.0 

32 

^Z 

70 

40 

.55 

.29 

June. 

24.49 

.53 

49.7 

69.3 

,59. 6 

90 

33 

74,1 

45.2 

40 

38 

71 

39 

2.60 

1.27 

July  . 

24.51 

.54 

56.1 

79.6 

67.4 

93 

41 

83.9 

50.8 

42 

34 

62 

23 

.31 

.19 

Aug.. 

24.52 

.54 

53.8 

79.2 

67.3 

92 

3« 

84.3 

50.3 

38 

37 

56 

24 

.31 

.20 

Sept  . 

24.50 

.61 

40.1 

64.4 

53.6 

80 

27 

69.8 

37.3 

27 

34 

62 

34 

.14 

.14 

Oct.. 

24.53 

.57 

36.8 

52. 6 

46.7 

81 

33 

59.4 

34.0 

26 

32 

65 

49     .87 

.52 

Nov.. 

24. 51 

.79 

19.6 

28.5 

27.2 

54 

6 

39.1 

15.3 

14 

22 

78 

78     .71 

.38 

Dec. 

24. 34 

.70 

24.2 

31.4 

30.5 

53 

—  8 

40.8 

20.2 

1(\ 

17 

71 

59     .  62 

1 

.31 

Year. 

24.46 

.70 

33.2 

49.4 

42.7 

93 

—21 

56.6 

28.8 

24 

26 

70 

49 

8.70 
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Monthly  and  Ybajilt  Mbtsorolooigal  Summaries— Oootinaed. 

VICKSBURG,  MISS. 
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.0 
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o 

• 
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o 
-3 

4) 

> 

g 

0 

s 

H 

Q 

► 

£ 

t 
& 

•4^ 

a 

0 

c2 

0 
& 

•.J 
0 

s 

4^ 
O 

a 
-a 

0 

3 

1 

0 

o 

3 

0 

8 

• 

0 

s 

0 
.0 

< 

1889. 

Jan  .. 

5.6 

6.9 

36 

W. 

E. 

11 

9 

15 

11 

6 

1 

3 

4 

2 

7 

9 

15 

12 

0 

3 

0 

1 

0 

Feb.. 

6.8 

5.8 

24 

NW. 

NE. 

7 

13 

10 

6 

11 

0 

1 

4 

4 

6 

7 

15 

6 

0 

2 

0 

0 

0 

Mar.. 

4.6 

6.6 

35 

SE. 

NE.t 

11 

11 

9 

7 

9 

7 

1 

5 

2 

11 

9 

11 

9 

0 

0 

2 

0 

Apr.. 

8.6 

6.2 

27 

NW. 

S. 

6 

8 

7 

11 

14 

2 

3 

6 

3 

11 

13 

6 

6 

Q 

0 

3 

0 

May  . 

8.4 

6,330 

W. 

S. 

13 

3 

4 

7 

17 

10 

3 

2 

3 

11 

14 

6 

6 

Q 

1 

3 

0 

Jane. 

5.9 

5.5 

:w 

SW. 

SE. 

4 

7 

7 

17 

15 

5 

2 

2 

1 

4 

13 

13 

12 

0 

0 

3 

6 

0 

July. 

6.4 

5.0 

24 

NW. 

sw.t 

2 

1 

12 

11 

16 

16 

3 

0 

1 

4 

16 

11 

18 

0 

0 

18 

9 

0 

Aug.. 

4.5 

4.1 

25 

NW. 

E. 

12 

14 

16 

10 

5 

3 

0 

0 

2 

11 

16 

7 

0 

014 

5 

0 

Sept  . 

5.1 

4.7 

21 

N. 

N. 

15 

13 

9 

11 

5 

4 

1 

0 

2 

10 

9 

11 

6 

0 

010 

5 

0 

Oct .. 

2.2 

5.2 

3i 

NW. 

N. 

25 

3 

4 

11 

5 

5 

0 

1 

8 

21 

9 

3 

0 

0 

0 

0 

0 

Nov,. 

4.5 

6.9 

39 

W. 

SE.. 

7 

9 

4 

14 

6 

6 

5 

5 

4 

13 

10 

11 

0 

2 

0 

1 

0 

Dec.. 

4.5 

6.3 

21 

N. 

SE. 

1 

5 

4 

28;  20 

1 

2 

1 

0 

1 

10 

17 

1 

0 

0 

0 

I 

0 

Year  . 

4.8 

5.8 

•  • 

SE. 

114 

96 

101 144129 

61 

23 

29 

33 

119 

142 

104 

97 

0 

7 

46 

36 

0 

WALLA  WALLA.  WASH 

[. 

[S= 

=1,018. 

T=60.    A=56.] 

Jan..  6.8 

4.1 

26 

SW. 

SW. 

5 

1 

1 

4 

4 

29 

11 

5 

2 

2 

9 

20 

8 

14 

28 

0 

0 

0 

Feb..  6.6 

3.8 

20 

SW. 

SW. 

8 

0 

2 

4 

2 

33 

4 

2 

1 

3 

18 

7 

11 

1 

20 

0 

0 

0 

Mar . . 

4.4 

5.3 

26 

SW. 

SW. 

7 

2 

4 

7 

6 

27 

3 

6 

0 

13 

15 

3 

10 

0 

0 

0 

1 

0 

Apr .. 

0.0 

6.2 

26 

SW. 

SW. 

11 

3 

1 

6 

7 

31 

0 

1 

0 

9 

14 

7 

9 

0 

0 

0 

0 

0 

May  . 

4.8 

6.1 

3Z 

SW. 

SW. 

7 

4 

3 

8 

8 

23 

5 

3 

1 

11 

15 

5 

15 

0 

0 

2 

4 

0 

June. 

3.2 

5.9 

31 

SW. 

SW. 

9 

3 

7 

4 

4 

23 

6 

3 

1 

18 

10 

2 

2 

0 

0 

7 

0 

0 

July  . 

0.5 

5.9 

26 

s. 

SW. 

3 

8 

1 

2 

12 

26 

8 

2 

0 

30 

1 

0 

0 

0 

0 

21 

1 

0 

Aug.. 

1.0 

5.5 

30 

SW. 

SW. 

5 

0 

2 

3 

18 

27 

4 

2 

1 

28 

2 

1 

3 

0 

0 

6 

2 

0 

Sept  . 

1.9 

5.8 

3> 

SW. 

SW. 

5 

0 

1 

8 

11 

26 

6 

2 

1 

20 

8 

2 

3 

0 

0 

0 

0 

0 

Oct  .. 

5.1 

3.3 

:i'2 

SW. 

SW. 

8 

1 

3 

3 

8 

23 

3 

0 

13 

9 

10 

12 

12 

0 

0 

0 

1 

0 

Nov-. 

5.2 

4.1 

•28 

SW. 

8W. 

4 

0 

3 

3 

7 

25 

2 

0 

16 

9 

10 

11 

11 

0 

12 

0 

0 

0 

*  Deo.. 

8.5 

4.6 

•28 

SW. 

SW. 

4 

0 

2 

4 

5 

38 

6 

3 

0 

1 

6 

24 

18 

11 

18 

0 

0 

0 

Year  . 

4.4 

5.0 

*  • 

SW. 

76 

22 

30 

56 

92 

331 

58 

29 

36153 

118 

94102 

26 

78 

36 

9 

0 

FORT  WASHAKIE,  WYO. 
[J5r=^,580.    IV=23.    A=10.] 


Jan .. 

2.0 

3. 8  24 

NW.t 

SW. 

0 

5 

2 

3 

1 

36 

11 

1 

3 

25 

5 

1 

5 

26 

81 

0 

0 

0 

Feb.. 

2.7 

4.9 

:i7 

NE. 

SW. 

3 

11 

3 

2 

5 

21 

9 

1 

1 

12 

9 

7 

1 

13 

28 

0 

0 

0 

Mar.. 

2.9 

5.6 

:i6 

NW. 

SW. 

4 

4 

1 

3 

12 

25 

6 

3 

4 

15 

13 

3 

1 

0 

27 

0 

0 

0 

Apr.. 

3.2 

6.1 

60 

NW. 

SW. 

0 

4 

4 

6 

2 

17 

11 

3 

13 

10 

16 

4 

4 

0 

13 

0 

0 

0 

May  . 

3.H 

.^4 

47 

w. 

SW. 

3 

5 

3 

5 

0 

11 

9 

6 

20 

11 

12 

8 

5 

0 

8 

0 

0 

0 

June. 

3.6 

5. 6;3  > 

SW. 

SW. 

3 

4 

2 

4 

5 

15 

11 

3 

13 

14 

10 

6 

11 

0 

0 

0 

2 

0 

July  . 

2.0 

6.7 

Mj 

w. 

SW. 

3 

7 

5 

1 

4 

18 

15 

3 

6 

23 

7 

1 

2 

0 

0 

5 

0 

0 

Aug.. 

2.1 

5.6 

a 

NW. 

SW. 

0 

9 

1 

1 

1 

22 

15 

5 

8 

26 

4 

1 

4 

0 

0 

2 

0 

0 

Sept  . 

2.9 

5.9 

47 

NW. 

SW. 

3 

6 

4 

6 

1 

25 

8 

3 

4 

20 

7 

3 

1 

0 

12 

0 

0 

0 

Oct.. 

5.6 

4.3 

30 

NW. 

SW. 

1 

3 

2 

2 

7 

22 

12 

6 

7 

8 

13 

10 

5 

0 

12 

0 

0 

0 

Nov.. 

3.9 

4.1 

3/ 

SW. 

SW. 

1 

4 

1 

4 

3 

28 

11 

2 

6 

15 

13 

2 

3 

6 

30 

0 

0 

0 

Dec.. 

3.7 

5.3 

:i0 

SW. 

SW. 

1 

3 

2 

1 

2 

26 

14 

7 

6 

19 

10 

fi 

4 

5 

28 

0 

0 

0 

Year  . 

3.2 

5.3 

SW. 

22 

65 

30 

:« 

43 

•266 

132 

43 

91 

198  119 

48 

49 

50 

189 

7 

2 

0 
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Monthly  and  Ybarlt  Mktborolooical  Summaries — Con  tinned. 

'      WASHINGTON  CITY. 
[L»t,  38C*  63*  N. ;  Lonff.,  77«  1'  W.]      ^ 


Pressure. 

• 

Temperature. 

Dew- 
X>oint. 

Relative 

hnroid- 

ity. 

Precipita- 
tion. 

i 

a  ^ 

• 

S 

• 

S 

S3 

Mean. 

• 

2 

0 
O 

T3 

s 

• 

S 

0 

• 

a 

5 

• 

0 

• 

• 

S 

» 
5 

a 

6 

a 

a 

• 

a 

• 

a 

• 

a 

• 

a 

• 

'3 

• 

1 

1 

s 

• 

S 

a 

eS 

0 

• 
08 

• 

P4 

• 
SB 

• 

P4 

C5 

o 

83 

S 

S 

(§ 

00 

00 

S 

o 

^ 

:^ 

i§ 

00 

o 

00 

o 

00 

% 



H 
In. 

^ 

1889. 

/n. 

In. 

o 

o 

o 

o 

o 

o 

In. 

Jan  .. 

29.94 

1.37 

34.4 

39.2 

39.2 

66 

23 

46.6 

31.7 

28 

30 

78 

4.05 

1.26 

Feb.. 

30.06 

1.31 

27.0 

31.9   31.1 

54 

4 

37.5 

24.7 

20 

20 

76 

62 

2.47 

.83 

Mar.. 

29.82 

1.07 

39.0 

45.5!  43.4 

70 

29 

51.7 

35.1 

31 

:)2 

74 

62 

4.20 

1.45 

Apr.. 

29.85 

1.16 

50.6 

55.8  54.4 

83 

32 

63.5 

45.3 

42 

43 

74 

64 

9.13 

3.21 

May  . 

29.86 

.62 

62.2 

65.4   64.6 

93 

39 

74.8 

54.5 

53 

56 

74 

72 

10.69 

2.98 

Jane. 

29.93 

.77 

68.6 

71.0  70.8 

90 

48 

79.1 

62.4 

61 

63 

78 

77 

5.01 

1.12 

July  . 

29.88 

.56 

73.3 

75. 11  75. 8 

92 

59 

83.4 

68.1 

67 

68 

82 

79 

8.13 

3.18 

Aug.. 

S9.98 

.53 

69.2 

71. 9!  72. 4 

90 

55 

81.3 

6:^.6 

62 

65 

78 

80 

3.07 

1.17 

Sept  . 

29.94 

.76 

62.9 

64. 9j  65.6 

86 

42 

r3.4 

57.9 

57 

59 

83 

81 

3.88 

1.55 

Oct  .. 

29.95 

.83 

48.9 

52.  «j  52.5 

82 

34 

60.9 

44.1 

43 

43 

81 

72 

4.48.  1.73 

Nov.. 

29.99 

1.20 

43.1 

46.1;  46.2 

70 

27 

53.2 

89.3 

38 

37 

83 

73 

G.03 

1.57 

Dec.. 

30.08 

1.16 

39.7 

45.9 

45.6 

72 

22 

54.9 

36.3 

32 

35 

78 

68 

0.19 

.05 

Year. 

29.94 

.94 

51.6 

55.4 

55.1 

93 

4 

63.4 

46.9 

44 

46 

78 

7261.33 

a    .K.  • 

WHIPPLE  BARRACKS,  PRESCOTT,  ARIZ. 

[Lat.,  W>  38'  N. ;  Long.,  1120  38'  W.] 


Jan  .. 
Feb.. 
Mar.. 
Apr.. 
May  . 
Jnne. 
July. 
Aug.. 
Sept  . 
Oct.. 
Nov.. 
Deo.. 

Year . 


24.68 
24.72 
24.70 
•/4.70 
24.70 
24.74 
24.79 
24.80 
24.77 
24.79 
24.80 
24.74 

24.74 


28.4 
34.2 
44.0 
5:^.4 
59.2 
66. 6 
74.6 
73.4 
63.6 
54.4 
42.8 
42.2 

53.1 


54 
59 
69 
82 
86 
91 
100 
94 
87 
87 
70 
58 

100 


—  8 

—  4 
25 
30 
29 
40 
54 
55 
37 
28 
20 
18 

—  8 


40.9 
47.8 
57.0 
69.3 
74.4 
83.6 
88.3 
87.2 
78.0 
68.2 
57.9 
50.1 

66.9 


15.9 
20.7 
31.1 
37.6 
43.9 
49.5 
60.8 
59.6 
49.2 
40.5 
27.  H 
34.3 

39.2 


15 
18 
29 
25 
22 
30 
52 
51 
41 
33 
17 
31 

30 


21 
25 
32 
21 
21 
28 
51 
52 
39 
33 
20 


32 


84 
84 
85 
57 
41 
42 
67 
68 
70 
70 
60 
78 

67 


66 
54 
49 
23 
16 
17 
41 
41 
33 
38 
37 
74 


1.7:^ 
1.35 
2.91 

.19 
T 

.02 
1.45 
1.51 
2.11 
1.76 

.42 
7.38 


4120.83 


.99 
.62 

1.37 
.14 
T 
.03 
.38 
.68 

1.56 

1.43 
.20 

1.41 


WICHITA,  KANS. 

[Lat.,  370  41'  N. ;  Long.,  97®  20'  W.] 


Jan  .. 

Feb. 

Mar.. 

Apr.. 

May 

June, 

July 

Aug. 

Sept 

Oct  .. 

Nov- 

Deo., 

Year 


28.60 
28.69 
28.58 
28.56 
28.50 
28.54 
28.52 
28.60 
28.58 
28.64 
28.68 
28.60 

28.59 


.92 

1.28 

1.01 

.86 

.86 

.70 

.41 

.35 

.77 

.77 

.97 

1.13 

.84 


^6.  1 
22.9 
37.3 
49.4 
58.0 
64.4 
70.7 
67.8 
57.9 
48.7 
31.6 
39.4 

47.  i 


35.8 
35.0 
51.6 
63.4 
69.0 
73.7 
81.3 
78.2 
68.7 
58.6 
40.9 
48.3 

5*?.  7 


32.8 
31.5 
46.5 
57.8 
64.7 
70.3 
77.4 
75.5 
66.4 
56.4 
39. 4 
46.4 

55.4 


54!     lOi 


72 

75 
90 
88 
94 
96 
96 


—  2 

17 

36 
37 
51 
57 

59l 


89  40j 

91i  34 

72!  15! 

73  10; 


96 


-  2 


42.1 
42.6 

58.0 
68.9 
74.8 
80.5 
87.1 
85.4 
77.  h 
65.9 
48.7 
57.5 

65.8 


23. 4 
20.4 
35.0 
46.8 
54.6 
60.1 
67.8 
65.6 
54.  »5 
47.0 
30.2 
35.4 

45.1 


22 
18 
32 
40 
51 
60 
66 
6:^ 
53 
42 
27 

:^5 

42 


25 
22 

35 
43 
53 
62 
68 
67 
56 
47 
30 
36 

45 


84 
80 
82 
72 
79 
86 
85 
84 
85 
80 
84 
86 

82 


68 
63 
56 
52 
60 
68 
66 
68 


.82 
.67 
2.41 
5.18 
3.88 
7.89 
4.72 
3.79 


66  2.10 


67 
65 
66 


2.14 

1.14 

.03 


6434.67 


.70 

.35 

.84 

1.84 

L07 

1.96 

L75 

2.87 

1.22 

.51 

.95 

.01 
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NW 
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; 
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l> 

1' 

1^ 

( 

( 

0 

Apr.. 
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NW 

NW.t 

1) 

ft 

' 

T' 

1 

l< 

11 

i: 

M'ay  . 
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NW, 
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c 
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17 

V 
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1 
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( 

5 
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7,fi 

N. 

8. 

n 
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1 
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•2 

f 

f 

1 
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NW, 

NW. 
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'  : 

s 

■. 

1 

1: 

!■ 

8   15 

II 

( 

0 

Nov  , , 

l.f 

•■:< 

NW 

NW. 

4 

i  1 

: 

4 

'. 

ti 

j-i 

1 

i 

U 

n 

■; 

a 

II 

Dec. 

&.1 

6.0 

J6 

NW.t 

a. 

51 

1}  u 

.'-> 

16 

3 

b 

15 

a 

10 

u 

9 

7 

10 

0' 

u 

0 

Year. 

0.5 

6.4 

■ 

NW. 

979 

9  41 

4» 

114 

63 

50 

175 

^ 

ISO 

,. 

181 

153 

ee 

.. 

0 

WICHITA, 

EANS 

(B=i,Me.  T=n. 

3.0  9.4 

46 

N 

S. 

17 

a 

19 

9 

« 

0 

m 

fl 

■n 

Sfl 

0 

1 

0 

Feb.. 

I.!    9.^ 

\b 

NW 

N. 

v. 

II 

f 

' 

: 

t 

1 

V. 

t 

a^ 

1 

f 

» 

Har.. 

1.:  t0.( 

v 

N 

N. 

1! 

U 

11 

1 

: 

1 

r. 

11 

> 

11 

1 

5 

1) 

I.;   9.1 

i' 

N 

S. 

\V 

! 

11 

i: 

( 

5 

1 

» 

1 

( 

1 

1 

f 

I) 
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5.C  11.! 

i' 

.H 

8. 

11 

V 
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: 

Ik 

If 

i; 
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1 

1 
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0 
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(• 

NW 

SE. 

l> 

4 

VI 

i: 

' 
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11 

1 

11 

1' 

1 

; 

14 

0 

i.5  7.' 
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11 

li 

11 
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V 

1 

15 
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' 
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If 

■1 
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3.7   7.' 

* 

M 

S. 

5 

!■ 

1^ 

VA 

( 

'. 

1^ 

y. 

1 

1 

V 

r< 

» 
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4.W  8.2 

* 

N 

S. 

11 

!■ 
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' 
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; 
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1 

r. 

fl 
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i; 
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■. 
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Nov.. 
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If 
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1.5  8.8 

4b 
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Monthly  and  Tkarlt  Mbteorolooicax  Summariks— Continned. 

WILMINGTON,  N.  C. 


[Lat.,  340  14'  N. ;  Long.,  7To  67'  W.J 

Preasnre. 

Temperature. 

Dew- 
point. 

Relative 

humid- 

ity. 

Precipita- 
tion. 

• 

0 

Si 

Mean. 

s 

0 

t» 

max. 
in.). 

• 

a 

0 

• 

a 

a 

0 

s 

• 

S 

s 

• 

a 

a 

5 

d 

• 

bo 

• 

a 

• 

e 

;a 

B 

9* 

a 

B 

a 

• 

a 

a 

• 

a 

■ 

a 

^3 

a 
• 

a 

c8 

c 

a 

• 

eS 

i< 

S3 

H 

a 

• 

• 

. 

• 

cs 

H 

o 

^ 

s 

m 

cu 

v 

es 

•»» 

eB 

eS 

&< 

eS 

P4 

0 

0 

» 

^ 

00 

00 

s 

0 

0 

0 

i 

00 
0 

00 
0 

00 

% 

00 

% 

H 

:^ 

1889. 

In. 

In. 

o 

0 

0 

0 

1 
In.  '  In. 

Jan  .. 

30.02 

1.02 

45.1 

49.9 

50.0 

69 

29 

57.2 

43.0 

40 

42 

H2 

75 

6.85   1.90 

Feb.. 

30.13 

1.04 

40.0 

44.8 

44.4 

67 

20 

50.8 

38.1 

33 

37 

75 

75 

4.66 

1.76 

Mar.. 

29.88 

1.09 

47.4 

52.3 

51.9 

72 

33 

59.  e 

44.0 

40 

43 

78 

72 

5.57 

2.23 

Apr.. 

29.90 

.88 

58.0 

59.6 

60.6 

86 

42 

69.4 

51.9 

50 

51 

77 

75 

2.13 

0.58 

May  . 

29.92 

.51 

68.1 

70. 6i  70. 9 

97 

45 

80.4 

61.4 

61 

60 

78 

72 

4.24 

1.42 

June . 

30.02 

.58 

78.8 

74.7 

75.5 

93 

58 

B1.5 

69.5 

68 

70 

K-i 

85 

6.03 

2.20 

Jaly. 

29.98 

.:« 

77.8 

77.2 

79.0 

94 

66 

«>.  5 

72.5 

72 

73 

84 

86 

11.10 

3.32 

Aug.. 

30.05 

.36 

74.2 

74.7 

76.0 

87 

63 

82.6 

69.4 

70 

70 

86 

66 

7.81 

2.16 

Sept  . 

29.98 

.62 

69.5 

72. 6'  71. 8 

87 

48 

80.1 

63.4 

64 

67 

84 

82 

3.18 

2.15 

Oct.. 

30.00 

.60 

56.7 

60.9 

60.9 

Ki 

37 

70.0 

51.8 

52 

56 

86 

83 

3.87 

2.96 

Nov.. 

30.07 

.97 

52.5 

56.5 

56.8 

78 

27 

65.2 

48.4 

48 

50 

86 

80 

3.72 

1.02 

Dec .. 

30.18 

.68 

48.8 

55.0 

56.0 

76 

30 

66.4 

45.6 

45 

49 

86 

62 

U.15 

0.15 

Tear. 

30.01 

.73 

59.3 

62.4 

62.8 

97 

20 

70.7 

54.9 

54 

56 

82 

7959.31 

«   «  a  •  • 

WINNEMUCCA,  NEV. 
[Lat.,  40O  58'  N. ;  LoDg.,  117o  48'  W.] 


Jan.. 

2.5. 71 

.76 

14.4 

29.2 

21.6 

49 

—14 

35.0 

8.1 

10 

15 

83 

57 

.32 

.29 

Feb.. 

25.74 

.92 

22.9 

41.8 

32.4 

62 

2 

46.6 

18.1 

16 

19 

75 

42 

T. 

T. 

Mar.. 

25.61 

.92 

36.2 

54.9 

45.2 

70 

24 

58.1 

32.4 

26 

26 

69 

36 

.47 

.22 

Apr .. 
May  . 

25.62 

.65 

41.1 

62.6 

51.8 

80 

21 

66.2 

37.5 

23 

20 

52 

26 

.14 

.12 

25.58 

.65 

46.5 

67.3 

56.8 

91 

30 

69.6 

44.1 

29 

25 

54 

28 

.60 

.20 

Jane . 

25.62 

.36 

56.8 

81.7 

68.6 

•93 

41 

84.6 

52.5 

25 

18 

32 

12 

.11 

.09 

Jnly  . 

25.62 

.41 

58.6 

89.5 

72.9 

102 

47 

90.8 

55.0 

16 

9 

21 

6 

T. 

T. 

Aug.. 

25.62 

.39 

56.8 

87.8 

70.8 

97 

40 

89.4 

52.3 

14 

7 

20 

6 

T. 

T. 

Sept. 

25. 72 

.62 

46.1 

74.2 

58.5 

87 

29 

76.0 

41.0 

8 

5 

23 

7 

.00 

.00 

Oct.. 

25.67 

.73 

41.3 

59.7 

50.9 

8? 

24 

64.2 

37.6 

23 

19 

54 

28 

.61 

.38 

Nov.. 

25.76 

.75 

28.8 

45.  H 

37.  H 

60 

11 

51.2 

24.5 

15 

12 

59 

31 

.10 

.06 

Deo .. 

25.54 

.76 

28.5 

33.9 

31.2 

52 

—  8 

38.0 

24.3 

25 

28 

86 

80 

3.40 

.78 

Year . 

25.66 

.  66 

39.8 

60.7 

49.9 

102 

-14 

64.1 

35.6 

19 

17 

52 

30 

5.75 

WOOD'S  HOLL,  MASS. 
[Lat,  410  33'  N. ;  Long.,  1(P  40'  W.] 


Jan .. 

30.00 

.45 

33.8 

36.5 

36.0 

56 

14 

41.5 

30.5 

29 

32 

83 

m 

3.91 

1.32 

Feb.. 

30.08 

.47 

25.2 

27.3 

27.0 

46 

2 

32.9 

21.1 

19 

21 

77 

79 

4.39 

1.43 

Mar.. 

29.84 

.47 

34.8 

35.6 

36.2 

52 

25 

40.8 

31.6 

29 

31 

80 

84 

2.87 

0.83 

Apr .. 

29.97 

1. 0,^> 

43.4 

43.6 

45.0 

60 

34 

50.6 

39.4 

38 

38 

83 

a3 

4.44 

1.28 

May  . 

29.96 

.77 

54.5 

53.5 

55.0 

72 

40 

61.5 

48.6 

50 

50 

84 

90 

5.33 

2.49 

June. 

30.02 

.89 

62.7 

61.9 

63.2 

77 

50 

68.4 

58.1 

59 

59 

89 

92 

1.96 

0.86 

July  . 

29.99 

.61 

67.2 

65.9 

67.5 

79 

56 

72.8 

62.2 

63 

64 

86 

92 

3.63 

1.37 

Aug.. 

30.06 

.59 

66.9 

66.4 

67.7 

78 

56 

72.2 

63.2 

62 

63 

«> 

88 

4.21 

1.53 

Sept  . 

30.04 

.90 

62.4 

63.4 

63.4 

76 

48 

68.0 

58.9 

59 

59 

90 

87 

3.37 

1.73 

Oct.. 

30.01 

.80 

50.1 

50.9 

50  8 

65 

35 

56.0 

45.5 

44 

45 

81 

82 

4.49 

1.11 

Nov.. 

30. 05 

1.33 

44.8 

45.9 

45.6 

62 

25 

50.2 

41.1 

40 

42 

84 

86 

5.45 

1.12 

Dec.. 

30. 12 

1.61 

38.7 

40.5 

39.8 

54 

21 

45.4 

34.2 

34 

35 

86 

82 

2.06 

0.55 

Year. 

30.01 

.83 

48.7 

49.3 

49.8 

79 

2 

55.0 

44.5 

44 

45 

84 

86 

46.11 

BEPORT   OF   THE    CHIEF   SIGNAL    OFPICEB. 

Monthly  and  Yearly  Mrtborolooical  Sumha  ribs— Cod  tinned. 
WILMINGTON,  N.  C. 


1 

1 

t 

Wind. 

liuDiiDei  of  days. 

a' 

i. 

^^ 

1 

£• 

i 

i 

h 

1 

1 

■2 

ii 

1 

"i 

& 

^ 

1 

1 

1 

1 

.2 

t^ 

"S 

J 

1 

g 

1 

1 

g? 

S 

3 

5 

£ 

1 

i 

1 

1 

1 

s 

1 

£ 

5 

I 

s 

S 

s 

s 

^ 

^ 

1889. 

Jan.. 

S.' 

7.S 

3f 

sw. 

NE. 

( 

i< 

b 

! 

1 

1 

IS 

E 

11 

t 

( 

Ih 

II 

s 

oloio 

Feb.. 

i.t 

J.S 

31 

aw 

HW. 

1 

1' 

1 

1 

It 

J 

t 

: 

* 

h 

I.S 

11 

( 

t 

r 

l> 

Mar.. 

1. , 

;.( 

M 

fir.. 

N. 

l< 

! 

! 

1 

: 

h 

t> 

'. 

: 

1' 

!> 

It 

11 

( 

1 

1 

0 

X- 

i.a 

9.3 

ax 

N,t 

SW. 

h 

H 

' 

Vi    It 

! 

E 

1 

11 

11 

1 

11 

1 

; 

0 

).S 

v.: 

a 

HW. 

II 

.4 

• 

■;■  ai 

! 

h 

1 

r 

t 

5 

i 

( 

4 

* 

0 

i.t 

7.( 

R. 

flW. 

t 

h 

IS 

i; 

i> 

< 

I 

t 

II 

i: 

11 

( 

a 

(1 

July. 

F.  : 

fi.! 

3h 

8W. 

KW. 

' 

' 

ih 

* 

» 

1 

1 

6 

U 

11 

al 

( 

( 

f 

0 

.S.' 

W 

fiW. 

SW. 

11 

' 

!. 

H 

* 

a 

1 

11 

I'i 

E 

i: 

( 

( 

< 

1 

ft 

3,* 

.M 

8^ 

SW.i 

N. 

i: 

11 

II 

> 

R 

' 

.■• 

r 

IS 

t 

: 

( 

1 

( 

0 

■.i.^ 

FI.1 

w. 

N. 

it 

; 

J> 

II 

T 

; 

h 

1 

1ft 

f 

: 

: 

( 

( 

; 

0 

Not.. 

1  9 

7.. 

HW. 

NK. 

a 

i: 

t 

» 

f 

11 

f 

14 

: 

t 

n 

( 

'. 

1 

0 

Deo.. 

i.8 

5.  a 

2ii 

aw. 

8W. 

* 

» 

' 

SU 

6 

1 

c 

15 

13 

3 

1 

0 

2 

*J 

0 

0 

(.S 

6.9 

8W. 

. 

112 

" 

51 

86 

LU 

69 

57 

29 

HO 

lU 

114 

128 

0 

1311 

32 

WINNEMUCCA 

NEV. 

Lff=4,Mi>.    T=e2.    *=M.l 

3.0  9.8 

»> 

NE. 

7 

99 

iij 

(1 

4 

3 

6     2 

n 

10 

Feb.. 

3.1  9.: 

Ith 

NE. 

11 

■r. 

1 

1 

1 

IV 

S     1 

( 

1 

1 

', 

A-«  ( 

(1  n 

Mar.. 

4.9.9.: 

41 

W. 

W. 

1' 

11 

1 

1 

: 

: 

^ 

fi 

( 

r  n 

5.412.4 

.■y 

NW. 

W. 

11 

: 

fi 

1 

t 

S(      1 

\ 

i( 

;■ 

1 

}.)^11.5 

4' 

W. 

W. 

If 

t 

4 

1 

1* 

IV 

IF 

1 

« 

in  IS 

* 

i.>  lu.J 

4' 

ij. 

W. 

i 

l< 

1 

1* 

II 

\<- 

f. 

1 

i; 

V 

1 

ti  r. 

.1  10.  < 

:(h 

w. 

«■ 

1 

!^ 

M 

1 

1 

11 

■a:- 

•/i 

A      < 

( 

( 

oir 

Anr 

1.1    9.1 

ft- 

sw. 

:■ 

1 

t 

H 

li 

ft 

V 

«■. 

^ 

1 

1 

1 

01  r> 

S«pt. 

l:  9.1 

41 

W. 

: 

I;- 

<, 

1 

:■ 

V 

lb 

fi 

i 

w 

V 

1 

1 

s 

5.610.^ 

4> 

w. 

8W. 

: 

^ 

II 

1 

h 

I.S 

'!   ; 

' 

t 

IV 

i; 

; 

1 

1 

1 

Nov.. 

i.i  11.  ( 

.Sh 

8. 

SW. 

i 

H 

1 

:■ 

U 

3     ti 

: 

IV 

f 

It 

i 

( 

Vi 

1 

Deo.. 

6.910.6 

Ud 

N. 

sw. 

15 

la 

=* 

4 

4 

17 

1     . 

2 

t 

lU 

15 

" 

4 

» 

° 

1 

0 

3.EI0.4 

w. 

92 

141 

95 

4 

" 

136 

1S4    i-> 

21 

164 

107 

94 

. 

14 

us 

. 

' 

. 

396 


REPORT   OF   THE   CHIEF   SIONAL   OFFICER. 


Jan  . 

Feb . 

Mar. 

Apr. 

May 

Jane 

Jnly 

Auj?. 

Sept 

Oct  . 

Nov. 

Dec. 

Year 


Monthly  and  Yearly  Mbtieorolooxcal  Summaries— Continued. 

YANKTON,  S.  DAK. 

[Lat,  429  54'  N. ;  Long.,  87°  28'  W.  i 


Pressure. 

Temperati 

[ire. 

Dew- 
point. 

Relative 
humid- 
ity. 

Precipita- 
tion.. 

i 

a 

Mean. 

>* 

a 

9 

'd 

x^ 

• 

• 

• 

■ 

» 

^ 

s 

E.2 

B 

5 

c 

O) 

s 

• 

a 

bo 

• 

S 

• 

a 

c 

E 

..« 

* 
E 

• 

• 

s 

• 

S 

• 

'5 

• 

a 

CS 

• 

• 

08 

yi 

c 

M 

s 

• 

• 

• 

• 

K 

o 

O) 

c: 

es 

P4 

O 

es 

•^* 

a 

•  w 

e6 

&4 

C6 

P4 

o 

e! 

S 

s 

» 

00 
o 

X 

o 

O 

O 

o 

o 

o 

00 
o 

00 

o 

00 

00 

H 

S 

1889. 

/n. 

/«. 

/«. 

/ll. 

Jan .. 

28.74 

1 .  ir> 

t4.  f) 

21.7 

20.0 

47 

—12 

30.0     9.9 

9 

13 

79 

70 

.96     .52 

Feb.. 

2H.82 

1.4f* 

13.9 

19.  H 

18.4 

.56 

IH'  2rt.8!    8.1 

8 

10 

77 

68 

.20     .09 

Mar.. 

28.7.5 

.81 

2H.3 

43.3 

39. 2 

72 

13,  52.0 

2ii.  3 

21 

■^3 

76 

48 

.27      .22 

Apr.. 

S8.70 

1.00 

43.7 

57.9 

52.4 

81 

27   (VI.  2 

40,6 

33 

30 

6t^ 

39 

1.46     .64 

May  . 

28.  (53 

1.29 

51., 5 

66.1 

59. 5 

94 

30  71.6 

47.4 

41 

39 

68 

40 

1.72     .54 

Jnue . 

2H.G4 

.71 

61.9 

74.1 

69. 0 

93 

44   81.6 

56. 5 

54 

54 

76 

52 

2.68   1.22 

July  . 

28. 63 

.49 

67.3 

77.2 

73.2 

98 

50   83.6 

62.8 

60 

62 

78 

61 

4.54 

1.(3 

Aug.. 

28.69 

.5() 

(J5.  3 

77.8 

73.4 

96 

51    85.0 

61.7 

i>H 

62 

79 

59 

2.6^ 

1.47 

Sept  . 

28.66 

.85 

52.2 

63.4 

60.7 

8H 

34   73.0 

48.4 

46 

48 

80 

60 

2.31 

1.65 

Oct  .. 

28.81 

.70 

40.5 

52.  7 

50.  4 

80 

22  62.8 

37.9 

34 

37 

80 

57 

.48 

.25 

Nov.. 

28.81 

.99 

24.3 

:«.3 

32.4 

60 

0   42.  h 

22.0 

19 

24 

80 

71 

1.04 

.«K 

Dec. 

28.66 

1.09 

26.7 

34.7 

34.4 

60 

3 

44.2 

24.6 

22 

26 

84 

73 

1.37 

1.30 

Year. 

28.71 

.93 

40.8 

51.8 

48.6 

98 

—18 

60.0 

37.2 

34 

36 

77 

58 

19.71 

YUMA,  ARIZ. 

[Lrtt.,  329  45'  N.;  Lonj?.,  114°  30'  W.J 


29.87 
29.89 
29. 7.^ 
29. 72 
29. 6h 
29.62 
29.  61 
29.62 
29.6!} 
29. 7rt 
29.90 
29.89 

29. 75 


.85 


46. 2:  59. 4 


.73!  50. 
.  61 1  54. 
.441  60. 
.31'  62. 
.31  72. 
.3(i:  80. 
.40:  81. 
.54  73. 
.29  62. 
.42  51. 
.42   52. 


68.5 
77.6 

0  86.9 
91.3 
99.7 
103. 6 

2101.8! 


.47   62.1 


94.9 
80.  H 
69.1 
61.5 


53. 4 
5^.  8 
65.6' 
73.5' 
77.6 
85:6 
92.0 
92.6 
83.8 
72. 6 
62.0 
58.2 


82.9,  73.0 


.    72 

35 

63.9 

42.  H 

33 

7H 

34    71.4 

46.  3 

33 

90 

44;  79.9 

51.3 

43 

'  104 

46   90.1 

56.9 

43 

107 

50 

94.3,  60.8 

47 

109 

63 

102.2;  69.1 

53 

117 

67  106. 3 

77.8 

66 

114 

73106.5 

78.8 

67 

106 

58   98.0 

69.7 

.^8 

106 

47   86.9 

58.2 

49 

83 

36 

76.3 

47.8 

32 

73 

38 

66.6 

49.9 

49 

117 

34 

86.9 

59.1 

48 

J  .0! 


36;    63! 

33     ''-'■- 
41! 


41 
39 
42 

58 
64 
53 

48 
:J8 
51 

45 


;>o: 
70 
5(5 
58' 
53 
63 
63 
64' 
66, 
52| 
89' 


43 
29 
2i» 
22 
1ft 
15 
24 

31 

or. 


35 
34 

69 


63'     31 


1. 121 

.06' 
.24 
.01) 
.00 
T 
T 
.25 
.00 

Ti 
2.43 

4.69 


1.06 

Mi 

.15 

.00 

.00 

T 

T 

.12 

.00 

.59 

T 

l.Oi 


BEPOItT   OF    THE   CHIEF   SIGNAL   OFFICEB. 

Monthly  akd  Ybarly  MtCTKOROLOOiCAL  Sumuaribs— Continned. 
YANKTON,  S.  DAK. 


Eff= 

1,2W 

r 

=3S. 

li=2B 

1 

! 

s 

1 

Wiad. 

Nambetof  da;H. 

1 

li 
It 

f 

1 

,i 

^ 

i 

1 

1 

1 

1 

■8 

1 

i 
1 

is 
1" 

1 

^ 

J 

S 

1 

1 

>. 

1 
5 

1 
J 

1 

i 

X 

i 

3 

s 

0. 

i 

2 

1 

c2 

1; 

1 

1 

1 

1 

1 

1 

5 

S 
s 

a 

< 

leas. 

Jan.. 

3.1 

7.5 

41 

NW. 

NW. 

3 

a 

s 

4 

1 

4   10 

25 

8  16|  10 

6 

5 

16 

31 

0 

0 

0 

F«b.. 

3.6 

8.61 

GO 

NW. 

NW. 

3 

3 

2 

a 

5 

7     9 

21 

4  13     9 

6 

8 

14 

2S 

0 

0 

0 

Mar-. 

3.1! 

8.0 

W 

NW. 

NW. 

10 

4 

5 

5 

5 

4      4 

20 

5    17    10 

3 

: 

ai> 

0 

0 

0 

Apr.. 

4.2 

10.4 

48 

NW. 

NW. 

It 

1 

6 

13 

7 

5     '2 

15 

0   111  13 

6 

b 

4 

0 

1 

0 

May  . 

4.7 

56 

S. 

NW. 

9 

' 

•i 

5 

10 

7 

20 

I    10'  15 

6 

11 

1 

1 

1 

0 

Jime. 

4.6 

7.  a 

52 

w. 

S. 

8 

2 

10 

16 

a     b 

5 

0     6   19 

S 

9 

0 

5 

11 

0 

Jnly  . 

5.0 

».o 

4S 

NE. 

s. 

12 

'. 

11 

i;i 

i     H 

5 

I  la   8 

11 

11 

c 

0 

5 

6 

0 

i.'2 

7.5 

36 

W. 

s. 

J 

1 

is 

20 

1     3 

10 

7    la   13 

6 

5 

0 

0 

0' 

i"pt . 

4.6 

8.1 

27 

NW. 

NW. 

2 

'i 

a 

12 

i   10 

15 

4  i:),    a 

9 

7 

0 

0 

0 

1 

0 

Oct.. 

5.6 

6.6 

31 

NW. 

SE. 

6 

6 

8 

16 

9 

1    a 

11 

9    e 

14 

4 

0 

6 

0 

0'  0 

NOT.- 

5.0 

7.5 

29!  XW. 

NW. 

9 

1 

a 

6 

9 

6     7 

16 

"t 

12      8 

10 

6 

7 

27 

0 

0 

1 

Dec. 

6.2 

7.5 

45|     N. 

3. 

4 

3 

7 

16 

6     3 

14 

2 

7   10 

14 

4 

4 

26 

0 

1 

0 

Year. 

4..^ 

8.0 

-1 

NW.  1  78 

n 

49 

108 

4 

S  71 

177 

39 

,.,3. 

96 

;9 

44 

14B 

17 

J6 

1 

B£POBT   OF   TH£   CHIEF   SIGNAL   OFFICER. 


399 


Q 

» 

Pk 
< 


1 

O 

ft? 


ft? 

O 

ft? 


2 
6^ 


Eh 

13 


a 
I 

i 

I 
1 

I 


s 
a 

s 

01 

s 

u 


H 

A 


I 

o 
a 
o 


.a 

•a 

a 

I 

5 

J! 
a 

'13 


83^ 

•ft 


e8 

a 
d 

a 


O 

O 


p 


0 

»-3 


9 

a 

»-3 


5" 


u 
eS 

:3 


I 


a 


o 

08 


•         • 

COCO 


3 


Q0OC«09  00 

iOloScO^ 


s 


CO 


OtC«iOiOCO<«OC4'«0 

•        •        •••••••• 


«  • 

COCO 


coco 

•        • 


OCOQOt^O)  AO 

■         •••••• 

SO)  {>.  00  iH  9)  b> 
kO  lO  OCOCOkO 


•         •••«•• 

O)  C«  3>  QQ  "^  Cd  O 

i^  i>  CO  CO  r^  i^  t^ 


co^oo<«oo)04a)o 
r«iAr*Qioco^r«>cx>^ 


COO)OtHOOOOOOO 


sss8s;ssr:sss 


c«x 


r-ICO00"*"^THr-l«r*'d> 

•  ••••••••• 

coor<»o)iAiococot^-^ 


CO 


oeo 


CO 
CO 


to 


^  00  O  A 
CO  CO  &  ^ 


OrHOO 

•     •     •     • 

r-JOi-^O 

CO^iOCO 


COOO^OOCO^COOOI 


iSudSudOkoSkO^kS 


■^THi^xcoa»ocx>udcO'^ 

»       IJ       »       •       «     _«  ^«  _  J       •       •       • 

CoScOCoSSSSkACOCO 


8 


00 


ooco<<rcot^<«ooio 

•       •••••••• 

"^COiHiHCOkfilOlO-^ 

*^  *'*.*2  «^  fr*  t*  t*  fcj  t* 


•      •  •      •      •      ■      •      • 

b*  t»  O)  lO  0>  00  t«  O) 
«^  l*»  t*  **  t*  l>- K  l>- 


0)0 

kOkO 


« 

CO 


00  CO 


00  i^ 

coco 


to^kO^ooo^'^OkAr^o^ 
oot»F»t«oooot>>oot>>r«oDoo 


O)  r-4  CO  CO  "^  O)  O  t^ 

•         •••••«• 

COCOkO<«{>iOO«At» 


OOOD 


0)00 


eooookOkO 

«      •      •      ■    _• 

^coSSt^ 


coeoooo 

•   •   •   •   • 

tD  CO  CO  CO  CO 


ss 


kO 

3 


OOkOOO 

•         *         •         • 

COl>.00*H 
•V^'^TkO 


0)0  0)0) 

•       •       •       • 

COI>.'^tH 
^^<<*kO 


..e 


09 


09 

a 

08 


Ol 


CO 


kO 


o 
eo 


o 


^  !^  a 


"^^  ^  d  o9 


§11 

o  <!>:=« 
pqpQooQpq 


^oit^t^^o»ookOcoi^oooiH^t» 

_•      •  ^«      •      •   _•  ^»    _•      •      ■       •       •      •       •      « 


kO 

kO 


CO 

s 


CO 


oo 


t^kO 


0)00 


kOrH 


0 


o 


CO 


5 


CO  t»  0)00  00  00 

•       •       •       •   _  _■   ._• 

S  coco  ScoS 


COOCOkO  t^OO 

S«  •  •  •  •  ■ 
l>>09<3QCOO 
kOkO  kOkO  kO 


0)010)0 

•        •        •        • 

OOOkOQ 
kO  ^^  kO 


eo'^coio 


r?oo^ 


kO^  'd" 


s 


9 

a 

o 


eo 

c3 

t 

08 

pq 

d  ^ 

o  o 


CO 

O 


CO 


c8^  o  <a  tj.J^.S  «  o  o  o  o  o  ©  c^d 

r-r.  rr.  'V.  rh  rK  .  T  .  1  *53  "^i  ^  ^  ^  *^  ►a'^  /^  <^^ 


d^d  §  ^13  ® 


400 


EEPORT   OF  THE   CHIEF   SIGNAL   OFFICER. 


•a 

d 
a 
a 


25 


888^ 


OD 

COO 

:    9 

^^' 

COO9OeOG<t^TH^CO;O0)t^ 

■J       •       »       •       •       •       •     _«       «    _»       •       • 


g 


o 

• 


•       •        •       •       • 

u5  lOCOiOiA 


t»        C40»000(CCO00Q090'VC000OaC00C600OOa0 
0>      QlA^|2<9KACDTHC«^;Dtft  ^^ooooor^iooo 


o 


^ 


•        •        •        •        • 

^  ^  Ift  «  ^ 


rH     ir:cooocoi>  ^a«0)ooG«oi^oi  AOi^f^kOidoi 
CO     kOtD^c3iA^^^<^tSk5i5»Qir5^^iom^QD 


•s 

0 

g 

I 

H 


OS 

o 

D 
H 

g 

H 

< 
>; 

o 
o 

H 

-< 


o 


eo  o  o  ^  Qo 

•       •       •       •  __» 


00      oot^ 


^CDOOOb>C)OaO^COOOTH90^00iO 


n 


O  *«•  ©•  O  QO  C* -^       CO 

•        ••••«•  • 

i^  CO  CO  r*  t^  CO  X     <« 


i^r»r*u5T-iooco«H2*oo^^t>.«cococo 


coco 


.S«^tot^3Sco&Sr«ooSSP^t3S8SSS 

ME 


s 


IACOtHOiH(NO       0>       <0(^CO  iO  ^rH  OCOr*  O^^OOOOO  V  StiHOtOOO 

teCO^COQQ^tAO>0):0070C*QOCO^;pa)tt9t 


•       •••••• 

O  lA  ^  CX>  O)  f^  *H 

c^  t>»  «>•  t*  t*  t*  00 


o* 


s 


;CkA 
o      •    • 

OCX 


OQOCOQOOiiAOO       lA        iAOOCOOOC«OOCOv-lOCOCOOa»COOOiHOQOl» 


a 


»i4 


lA  CO  00  O  t»  01  CO 

•       •       •       •       •    •       • 

aOp(NiAXOOO 
l>  t*  t*  00  c^  t^  «■* 


o  ;o 


s  ss 


eo9ieo9«o^coc4ao'?»QOb>eo 

"tfCQO^^oot^'d'iHsiarN.ioco 
coooi»c^c^r*t>.WQOo6wt»t^ 


^C000lA009)O0)u0S:        O)       OTH9IOOiOWtAG«COiAQOO)G«OIC« 

t>-       t^  P»  »  OJ  »A  jH  GJ  O  p  C>  *-i  ^  O  00  t*  © 

•«*     t>.t^^coi^cococ>*t^cot»t»t^F>coo 


o      •■•••••••• 

l^t»r«r*cocoF*t«Q9r» 


ee 


eS 


« 

a 
o 

GO 


a 

o 


OiAt» 


o 


CO 
CO 

s 


9)!OtAO)0)       00       C09» 


•        *•••  •  •• 

OiCOQOX^       00       tHCD 
TfinO^lA       CO       coco 


iHC«<N(N 


00  O) 


ooocoo 

•      •       •       • 

o«i>*a)o 

'fl'  ^'  '^  ^s* 


lA       ^iAO» 

CO      '955'^ 


0>      00  o  o 


^ 


^oco 


;OO)00rH(M'«1«(N0O«MTHCOa0 

_■        •        •        •        •  ^m        •         •  ^m        •        •        • 

SSIaSSSScoSSSS 


'^iAaoao^kAco^i»oDr»o» 

•        •••••««•••• 

Sco^ooiHogooiOivHOi 
^^lAtAkAiAkAiAQdiAiA 


C0C0i-i|«C00»OX9)O^iA 

th  CO  oTco  Qi^'^rA^cicici 

iftCOCO'^^^'VlAiAlO'^^ 


COr-KOv-iiHCOOXNCOCOlOlA 


GC 


8 


to 


CO 


CO 


0* 

CO 


Oi 
CO 


1.0 


9 


S  o  «  « 

eB  S  s  0 

HHHH 


a 

9  0  0 

o  o  o 

0  O  O 


SEPOBT  OF   THE   CHIKF   SIGNAL   OFFICES. 


401 


COfMO) 


OC9 


S8 


OP 


00 


•        «••••• 

in  (9  o  "^  1/2  r^  N 


I     I       n     I 


^co 


s 


s 


o 

CO 


^coo^inaoaOv-io> 

^»       •       •       •       •    _•       •       •  ^« 

3cou:@SioS<oS 


00 

2 


00  O  1-4  ^  rH  00  t- 


0)t^ 


0109)00001 


940 


Oi-iO 


«OX»H»OOCOiH«OIO^ 


CO  •«•  CO  A  »^  O)  ^ 
IXS  lO  U)  ^  kO  us  lO 


0>  f-4  0^4  t»  C7i  op  00 
^  tO  ^  ^  CO  kO  kQ 


s 


Sis 


o» 


09CDOO 


00X>OC4<-* 


xco^woioo 


O  toOiLO^O) 


f->ou;ooo>i-4oakf-<kac* 


Sg'^«=^ 


kO 


kO  lO  m  lAtO 


"^  55  ■*  CO  *«•  o  «o 


ociooo^t^  :o 
^  ^  ^  kO  'fl'  ^ 


g«D^xo"^»^r*ocoo 


OtkOOMO^CO 


■^•^ 


O) 


t^COOIXt^^P 


eo»-i 


kO  30  0> 


<ocOfr«co(Noiwec.-»coeo 
cco»wo«5a>Q»-^coco^ 


kOpQiAOOeO 
CO  «0  CO  iNi  t^  CO 


AkO 

co<^ 


SCO 


SCOQ  ^  f—  CO  0* 
cow  " 


kOCOl^  t^ 


CO 


s 


sss 


C009kOO<«0)t^COOI 


r.^ 


CO  lA  00  0>  CO  04  GO 


OOkO 


iC^"^ 


coo»OQOi^c«aoo)c« 


SOO  O  ©»  O  »H  <^  O  CO 
t^t^ODQOt«t^0OQO 


cooof-o  oajco 

CO  t»  CO  iO  t^  OD  GO 


8o»^ 
l^CO 


03>  9) 
I^CO'« 


oooiO'^aoooioo 
t»i^cct<*i^cot<«t^»t>> 


OO-^OICOCOOOk/rOOr-IO 


kOX^-^^ODCOCOCO 


oco^o*o  t» 


kOOCOr-4kOf->aDCOO»COG>t 


OOr>-Q»»HCOr^iH»^|>» 

ooooos^oooooodoK 


cocDcoeoocokO'^o* 
A€5i^aot»cot^a)a» 


pj  ko  o  r*  «*  *>• 


kAt^eo{>»iOt«cor«nr)|^no 


CO  O)  CO  01  00  O  04  CO 


aococo9>r»kO'^C40 


QOkOOO 


COlNiCOOOIOIkO^t^kO^kOOiCO 


CO«— (Niir-JOOOftOD 

Q0O)O)Xa0O)O)r« 


t^<oi^abf^cot*a)a> 


00  A  A 


8rH;OGOAi-4aOE4^ffi)SO(NO«Ot 
aoor«r*aoc^aoi^3oaDaDaD3)aD 


r^i-^wco'^wo^'d" 

OCO^COt«OJ3»H 

t*  0(5  «  00  00 1*  "^ - 


^A  t^ 


kOlACOQO^^QOeOCO 

^9        •        •     _  •        m        m        m    _•        • 

t«kOco  x)c^coSSaD 


*-iiAi^OOOOkO^THOCOb>kOCOO)COCOO)COO 

•   •••••••••••••••••• 

eocoeooiCOkOoteckoeo-^-^oi^eoeOkOcot^ 
^.^•c•co^-^•^•^•^•^•^.^•^.l^l^^•l^l>^. 


OtCOiOCOrHO 

•         ••*•• 

A  CO  CO  00 '>*  kA 
lO  t»  t*  l>- t^  iNi 


OO^qikOCOi-iOtOOO^OCOCO 


COt»t*kOkOt»COOCONi^ 


••% 


oooi^Oieoi-4^ 
•    ••••••• 

»^  O  CO  CO  —  TD  no  CD 
COtoCOCOCOCOCOCD 


cooo)aDoa)aoix>o> 
•    •    •■••••• 

co^coSocovtoS 


00  00  kO  0«  O  lO  iNi 

•       •  -~       *    _»       •  _ J» 

StoSSt^«5S 


CO 

8 


ot* 


^  00  C4  GO  CO  kO  kO       CO 
COl^T' 

kaco' 


^-^5?SKg    8 


r-ICOr-li-4 

SScoS 


kO 

4 


l^l*«t*t*kO»M^OCO 

•     •     •     •     •  _  J     •     •     • 

ScococoSSSSco 


oo 

kO 


OtTHrHOkO 

«        •     _m        m        m 


s 


•        « 

CO 
CO 


OCOOt^^^CO  00 

•       ••••••  • 

<^  lO  ri  go  ^  CO  lo  o> 

^kOkO^^COCO  ^ 


00  coco  ^ 


c« 


\G 


o*o»'fl"r»co»-icoeoco 

•      ••*•«••• 

CDCOQCOCOQ'^'^CO 
kOkatOkOlOkOkOkOkd 


eocooooo 

•   •   •    •   • 
<NiHi-4kor^ 

•^kOkO^^ 


0900kAr-IO  kOOO        Oi 

•  ••••••  • 

eOkA*4«vHeoko£o      ei 


•       •       •       • 

coe»coc^ 
^j»  ^1  «^  ^y 


a)C«o<^o)a>o)r«^co»^ 

•       •••••••«•• 

coaDb.o«"Trr?eocoeoooco 

^CO'^^'^^^OO't^'fl''^ 


01 

00 


0)000  kO 

•        •        •        •        • 

O  t^t^O*'^ 


CO 

4 


CO^ 

*        • 

o<t>. 

kCiA 


•^Xi-^COO  1^  ^ 


CO 


00  to  O -»•  «  0*  CO       P> 

01  ^  "V  C*  CN  kO  kO       « 


ooooo  t» 

*       •       •        « 

kOiHCDO* 
^  ^  CO  ^ 


COOtCOiHOOCOOr-lCO^OI 

i—CliO-^OiW-V-TtCOffOCO 
"'I'CO'fl'^JO^  ^OO'fl'^^ 


U94e-»0  dO-".-^ 


402 


BBPORT   OF   TUB   CHIEF   SIGNAL    OFFICER. 


e8 

a 
a 

4 


o 
Q 


or* 


co<^<^ 


SuSS 


^    _•     • 
Old  CO 


09a)«-4toot»QOoicdi^ 


•   •   • 


^dcoScoScocdScoS 


•       •       •       •  __»       •      • 


OXOOtoO       00  «-<  f-4  O)  O  CX>  0*  lO  CO  1-1  O  CO  O  lO  00  V -«  ^  CD  OD  O  «-i 


SSS8S    SSS?33$SSS!;S9SS9!;S$§SSS 


I 


^otkOcOkOkOCDce^iH     oD«ocDtN>aoi-4iAcoaoi9^eoioeov-ia»eoo9oi>oct 


0 

s 


C9 

o 


co^cocov<«aD30i>-iao     Oi«-4iAw^;oec30t»a»r«o^id'«^QDGDOioaoot 


o 

H 


0 


co*-iaoQocoao9icoa»o     ioa>eooo)0«ooa»AO»coaocouoo9a»ioi>oaDt« 
CO  CO  tN»  o  i>  t*  b.  h*  CO     QD  lA  ft^  CO  r«  t^  CO  1^  CO  K  r«  f*  t^  K  ^  to  K  CO  r«  CO  ^■  o 


oD  to  00  CO  CO  o  Qo  o)  oi  a»     ioiooiaoo»r*^oo>co^iOcoiH 


•   •   •   • 


•   •••••• 


^{SSSrrU^St:^    £Si:t:{:3SSS3SS£S 


O  CO  t^  CO  AOQO 

.  •     •     '•     •     •    •    • 

o  21  Oi  t*  *-i  •- r* 

to  00  to  CD  CO  00  to 


o 

CO 

H 

3 


'3 

•-a 


0 

0 


o«oo'«9«^ao»oeoaDe>     toOO(NOOio<-^^eoiocou3^ 

OOXO^OrHOiOl  ACO        tf>  tA  ^  O  00  t;  sf  t>- TC  M  CO  00  {:•  CD 

•  00  to  to  d>  X  x  t*  00  F>  to  00 12:  t^  to  t>  00  CO  to  CD  00  r*  X  00  OD 


o)  CO  o  c«  e&  CD  ^ 


X^OiXXCD^^O 

O         •       •       •       •       a       «       •       •       • 

ROOCO  ^f^OOto'd' 
lototo|>.totol>.to 


o)^o^<«toQtebieio^eo^o 


tooicoxe&oio 


919 


09  0)  to  ACO 

•         ■         •         •         • 

OXCOO^O* 

toco^i;  toto 


•    •    • 

iHCOlQ 
t»i0CD 


XOO'^COCOXI^COCO 

•       «•>•••••• 

«DC9kOQDiOtoCOtotN.c5 


lO  to  CO  th  ;o  CQ  o 

•   •..•_?   •   •   • 

CD  to  kO  to  ^®  CD 


< 

<1 


<1 


vHtot'. 

•   •   • 


CO^  ^  '^ 


to  *>» 

lOCO 


•   «   • 


kOOX-^torHCOOCDO 


OCOOMOItoX 


e8 


^x 

•       • 


cox^eo 

■        •        a        • 

S  lO  lO  tiS 


K-lCOCO 


XCOOOCOOCOO^Qt 

•        ••••••••• 

QDXX^CQiHtOCOtoCD 
kOlOtSkOtOCOlOCOkOkO 


lO  a»  *H  A  CO  O  i9 

•       «       «       •  __»       «      • 


g 

o 
o 

a 

pa 


.a 


0  9I 


cD«-<a>0) 

•       •       •       • 

^T  ^*  ^<  ^f 


fi^coococoa^tococo^ 

•       •••••••«• 

:^C9toXf:4O3)M0)f-l 


kO  10^90  CO^to 

•       •••••• 

1^  Q  f-4  !<•  vN  0»  CD 

kO  lo  lO^eo  v^ 


0 

•-a 


lOto 


0  1^X09 

•       •       •      *« 

^J*  ^"9*  ^f  ^' 


to  CO  lO 

•       •       • 

CO  o>  o 


XX^CDCDOCOOiOO 

totoioeoXkQ^coo|to 


coo-rcoo^to 


•       •       • 


•P»o  tot^^tO^ 


«» 


eo  V 


0 
o 


QQ 


SEPOBT   OF  THE   CHIEF   SIGNAL   OFFICES. 


403 


00 


et^ODODOt 


SSSS&SS"^ 


lO 


i-ii-iQO(O^OOi-4t»;DCOkAOaOt»«-4QO»O^OOtO4O»<&eOOC0;O 


0^09  09 


«OOt<&t«O^Oi«i^iOA«Oa0^aOO<OOt^l^GDO)»^r-ieOO)r-l 

•        m        •        • »        •     _m    _«  ^»        •        •  ^«        •        J        «        •        •        •    ._■        »        •        •     _»     _« »        «        J 


CO  0»  ^  lO  09  ^  ^  CD 


aOfHO)kOi^io«ooo^^o«^r*o>ot»oo»iooo)oeo^«MOiO 

•   »   •  __« _^   •   •   •••••• ■  _» _ J   »   »   •   •   »   •   •  _«   • ..» ^» 

ioSi3SSftOcoi5^koio3>io^SS5lSSkOko^^S2«SS 


i0O«eoc0 


9       •       *     J 

1^ 


f-tooe90>(X>aooo>ao»o*-<a)i-iioo40t<o^ococoeo300iA-« 


<DotOfteor*oiOio^coo>cD 


<DO(OiOeOaD^OOCOO»r-lv-IO'«OOOO)aDkOaDt^l0QOC9COa»Ot 


g!l?SSSS&SS3St:S3 


gS{:SSSg?3S;:^&3S£S?SSSS8SSS2S^ 


lO0«t»^O)C0CO0l0tkO^^t« 


^eooioeoioooQDkfdOkOkOcoioo^^oDoooiooaot^oiookOo 


(O  «  o  lO'ot  Id  o»  lo  CO  kO  o)  r*  eo 

S'{:a8SSiiBFi8S8'^t:s 


eocool»e(aDQO^ao^•^lOl«Oia»co^-»lc9«OTHaDOcoaDkOlO 


«oaDcouor^o>^o«aoo»cDoO'«t«<Heoco<oaoi-4eooicoioiOi*-i'«o>aoocDooftcoeo^«HtceotNieo 

{:^S^S8^;^i^e6I^SI^SS^^e3;:a^t:^S^'g'S?!38Si8^SSgi:3';s^SSgse' 

015  ^  1-4  |«  |«  O  M  l«  i«  lO  t^  0>  »«  CO  lO  O  0«  CO  CD  00  CO  (O  Qt  t«  Ot  (O  ^  et  v-(  CD  ^O  0«  «H  t«  0«  eo  (O  Oft  eO  00 

!!S^t:SS'S^^S^2^839'&S'^^'3'?:3SS'3'2^^'3S'S'S&'8S^S'S'^^g'S^ 


0»  CO  t^  CO  l^  ^  lO  Oft 


o«otoeootaoi-4^io«Oi*-icoioeoi«eidOftao^OftO«kOioeoeo^coo)io*HOio 

^33^^S^I^3S3SSdS^^S^^^3^3^SS&3S^S 


00  01 00 1«  lO  m  ^ «-« 

SSSCS»83io 


XOftOlr^O)00«fHlOCOlOlOOO^^>OC4o«OCOS40aftl-4C01-«0«-l^lO^O 


0>  1-4  0>  ^  CO  kO  lA  CO 


^«io^i*-i^^^koaoQ«eooo<«OftkOOco;D^C4i-4eo)Acot«iooo)«Hor« 


CO  Ot  Ot  90  00  O  O  lO 


«co»<<>cooot^ao«H^eoo^OfHooo(piNiQto>r»iooi^acoicoooiHeoaD 


^3 


•    A  ^    O    A    C    ^ 


KBPOBT   OF  THE  CHIEF   SlQlfAL  OFFICEB. 


S^S^«%  i^^S!S^e35S&&33S3SiS33^ 


SSs;SSS33S«SSZS';'$'Z'$SS3^33S^S 


!;'^d;i3sS^^^!^£:SlSS£:'Sl^X33SSi3'S 


s::%g's&isssssiiSs3!33SS£sses^x^i:' 


SSSKRSBSCSiCgiSKSiSsgSSSSiBKas 


SBSSR'C'SSSs^E'SeBaB'SlSSSSJfiS'g'KSfiS 


;SS!3£^£8!S333|^R^Sg^ES 


i^UUssssdisiiiiissisi 


°  ssasssasasSs 


d:iS!i!iSiiMiM 


33^S»:^^^!^^S&^^3^^3'&& 


^a'aiad»^a5or-'oco*o> 


iii!Sii4m4'ii4ss^4<is 


Is:  :| 

IIIIL^..-. 


Hit 


ii^.i 


•Stt':'-^ 


REPORT   OP   THE   CHIEF   SIOKAL  OFPICER. 


405 


^  CO  lO  r^  O  CO\A  O  U3 -«  09  0»  CO  X>  O)  C^  iH  00  eC  t>.  C«  ^  O  O  Ot  «0  iH 


oioeoifto»ooto»oo«aoc%o»kOcoo»a»'«^o»r»THa)90tOkOooTHa)aoi-ioot»r«QOAcocooicoTH 
<^i5i5iAio^&3iOkom'«kOS>oto^^ul0^kOkO<«<«io^^xi>-«^i32tOk/d^ko^io^'^^ 


oooaocoo^cosoaoioookkOioao^cDQi^oetoootoooio^oxroeooio^eocoiOQDcoo 


r*Aeo9t3«eoao^«oior*»te«-4aooioud^^v-4r*c9THO>isti-ta)(«>coof^o>^'^0)aDcooeoco 


^coc»>coo»oioo(oe»^^9> 


oDOkiow^oi^cocsao^A^ot^oioaooaoooiHTtr^^^ 


OQDAtOi-i»A^^io^900)cooco(Nr*oieoiHooio-^eo»A^ioaoco^o)aDOdO>«^OiHooo>^ 


eo^oeo^Meoi09«t^oooae;aoQto>coeoaDoaor*oioi-to)vH(0004oao9*(Nc*oi0^a»eo 


•         •  ^*        9         •        •        •         •        •        •        *        a 

(vSoS^r^dbSSto^^S 


(^COaXOXvH^toOOO^lO 

^       •      •   _•  _^  __>       •       •       •       • ■      • 


cDkO^eocoooocoeo^tap 

3SSSSS3S8S&3 


a)r*iHi«»aDeo9>ooi-toco-^coc4to^oAxo>r«^b>Oi-ioaD 


o^oio^oo<OiHiooiaoeo^o»9>xoi»o»oo^':o<-'cc^ 


COTH^O)THOCOCOOW69CO^aO'«0)l^r«0»09l'MiOCOa)QOCO 


aoiHeo«o^fHX«-Hr»QDQ»i« 
2(oZto<o»oioiAi9^SS 


ooiOto^o»e9a»^oi-ioo^coaDi-40)r»^kOaDkoaDmcoi-tio 
SiSoScoSStovudioSsSioZSSStakSkOioiSSdSS 


OiH9ixQ«o>o)iHeco)^eo 


Q0^i0OO0>t^9O»0C0a» 


10  o 


a 
o 


r*  O  O  ^  09  to  ^  t^  tH  CO  O  t^  Kl  1-1  CO  O  O  CO  tH  ^O)  X  CX)  CO  A  GO  a>  O) 


•       ••••• 


•       •       • 


aSS58aS59!8!8SSSgigg.g.8SS3gS3Sgg^ 


xaDoeo^Qti^t^oo)oococooid^ocococ9iooo)ioa«co^G« 

a)gQOQgoQaDi2t2Q^oor«0)^^iHt<*iA|N;^Qo»iAcoiAxco»^o 


«-<o# 


O      '    9 


4a 


o 

o 

a 

Ph 

a 

flS 
OD 


0(^  g  « 


On  ?  ^ 

P4  PL<  p4  ^  A  A  CI4 


^C 


z:  o 


«8 


'•^.00  0 


-  -»  o  a 

.   0  4>  « 


0) 


S 


jp    •    •  n 

a-sg.s  &g 


406 


BEPOST  OF  THE  CHIEF  SIGNAL  OFFICES. 


■i 

P 
d 


O      J ^»    •    •    »  ^» 


00  CO  lO  a»  (O  i«  ^ 


M     IT 


^lOC0C«if»i« 


^^ '^  OO  CO  CO  v^  lO 


9»eo^Q«o)oaooo>Q»oeoooo'9«a»o9io 


333S&3 


loudStOkS^S 


3SSS!gSSSS$S£&S3S9SS 


o 


«       »      _«       ■       •       • 

ZSSSS2 


o«oto«-4^eo 

ISSSSSS 


0»  Ot  O  to  «0  0» ^  O  "-^  99  lO  O  00 0»  O 09 coo 


■s 

s: 
PI 

§ 
O 

I 
H 


O 

N 

H 


^t*o»^e»eo 


X  ^o^oo^eo  to 


^i^^i«0»O'«o»<«cocoo«cooe9O9i«e9 


*«  *HQoao  ^  *-< 
CO  «o  lo  SS  «v  (o 


SSS3SSS 


ioS$ov6SSSSSvSSi<»SS^ 


CO 


eoo>  0100)0 
o    .   . 

0«H 


00  9«  ftO  CO  CO  ^  r^ 

_•  ^»        a        ■        •        •        * 

l»  i«  i«  d  t«  C«  CD 


00  <«  CO  00  00  Ot  A  lOOO  00  00  0»  CO  O  <«  <«  00  lO 


0 


coo;oococo 

•       ••••• 

eO^QOQkO^ 
t^t«kO^AO 


o  00  CO  <«  t^  eo  09 


Okocoi^.eoioeoo«oocoooo»«;oa»co«^io 


vHoo^eoeoco 


ocoo>aot»^i-4^(oa>cot^e9i»cDiHa»o>Qoa»s«t«coiOv«flo 


se&sss 


36SStS£S38g?{SS3S6:SSSf!S«SeeS 


0 
»-3 


•«^  ^ 'd"  »M  lo  CO 

O  _  J  _»  _»  •  •  • 

Ki^«oSd)«o 


A  O  0>  94 -4  ^  Qt  01  0>  ifi  CO  «-«  kO  A  CO  CO  a»  O  Ok  ^  ^  O  O  CO  t«OD 

S2(o'S'!:SS'3SS^Se'^SSS!^'6SS^SSSi:S's£ 


I 


Pi 

<1 


0)e9OO<McotooiQoo«ooQtooa)O)ocoi<*i^oco0)eo9*ooo^co<-'t«oi^io 


e«0)ODoocooQOvoooocooi«o(Ocoaoeoo)QOoor«iOooi-iaoioo»co«oaoo 


SSS&SSSS8SSSSSSS3SSSSSSSS8SS8SSSS 


co^^o»ao^oo^oi^o(oi^t^o^«t^eooOkOeo(OOooooo)*-««i'ei« 

Sko!oS&ko3SSko&&SSSSS8SSS&SSiSS^SS&S93 


o 

o 

9 

3 


*^0)i000O0>l0OOG<tO0(^0)0lvHC0i0k0^0000a>a000l0tN>C0OfHOO« 


& 


s 


i^  (^  O)  O  O  ^  00  9»  00  kO  ^  CO  M  CO  0>  lO  CO  kO  »«  O  O)  ^  »  O  »«  l«  e»  00 1«  CO  O  «  00 


§ 

3 

GO 


"8 

0 

0 


Scteo 


o 
o 

o 

A 

I 


53 

as 

SB 

QQOD 


•"-  •»*  ♦» 

tf  CB  o8 
OQQQOQl 


o   •   •   •   •   •  o 

M  _   _  0«rj  ©  0 


o 

o 


rHO* 


*  *  tit    '  SicB  c)  eS    * 

S  p  c  a'S.£  5  :o  o's  «;  ^-g-g  g  g  tf-g  o-s  3 


ft 

-I 


BEPORT  OF  THE  CHIEF  SIGNAL  OFUCEB. 


407 


eS 


00 


oo»0ieoeoiHoe4QoeidO)O&OkOeidt<»eQO»O)^eoo^G«^o)oi%(Oi^eoo»OdOcooo)e9     lOo 

_  J        •    _»  ^_^        •    _.  •        •        •        •  ^^    _>   _^        •  ^«  ^»  ^»    _■  ^^    _m    _•       •        •        9        •        •       •        •        •        •        •  _  J        •       •        •        •  ^m        m   _^  _^  ^» 

SSSSSSio3iomS^$SSu;$S8mio8SioSi82£9Skoio«iaSSio3    SS 


AiOcor*i-4to«eo>iOr4or*ooeoi^QOiAQOiboocox<eo)<0(00)iQO)oe)e><«r-icor*oo»     ot» 


s 


aD^^k0^t^«fHa»0)coooaDi-i^iOi-tr-ioo»ioiOTHe>»«ODO<oceiooeoi^o«o> 


eo 


00 

s 


^oo^oAottvoDO-^eot^eocoo^eoiootcooiOtkOvHO^aikOooioodi-ii^oicoi^aiao 


8 


oi^aD;oaDOkOtOioneo<eioeoiAO*4«eoeoeQQO^o»OQOQOOio«4coi-(0>^(Nu9oo 


00 


s 


O9<OiO^Q«O»eO^«^OCOCOOOA<0^C»lOeO<O<-«iOOO3>OOO»O»i-lOQOOIXtoe9CD^       OiQO 


eo 


aoeo<DoeoAQ9^t>o»eoco*-«^a)r*QOkAoo«oo»^^oo3>o^OQOi-ieooa)eoo)     Ob> 


c»eo^r^eoeoQoeootrHoo^«40coa)^v-ii<«co«ooo<«eoAxe»oo)«iOAooeoo     xo« 


•-4«otet^oo»oo90»vHco«or*eo<«cooocoio^*q*ooovHOiHO»0)eoooo>QOcei-4«oooiA 


IQ 


e«eokOtoeo^^iH»*co«voDtootA<ei^oooi^c»0)vHT-(oooooQ«oo^».or-ieoo)QOAioo 


CD 


408 


HEPORT  OF  THE   CHIEF   SIGNAL   OFFICER. 


es 

0 
0 

a 


Oi 


iH     '0) 


s 


00  ^  w  v5 


•    *••••• 

•  ^  ^  ^  lO  lO 


00 


?$ 


eoiOQO 


W  ^  00  00  O  1^  00  lO 


•       •       •       • 


S9S99SS?SfSSS$ 


oi-iooeoooooioeo 


OOt^ODOkOOI^^Ok 


O  O)  «  <0  1^  ^  ^  00  O  O  O  O  ^  0>  O  i-H  *-il^  CO  to  O  CO  O  vN 

si  si  {*' s  !S' 8  g|  sj  ^  s^  k' s:  sf  1^  si  s' si  eS  S 1$  S  S^  gt  a$ 


•s 

p 
.S 

g 

o 
I 


<5 


oocoioooto^oo«0oo^aooocDi^^coQoa»t^o 


lOiO 


<2 


^ 


CO 

t 


00  0«  0)00 

•   •   •  _  • 


ooo 

*       > 

coo 


o» 

gl 


CO^OOlO^ 

&SSSS 


ooo 


00  lO 


oir»o» 


6« 

p 


ss 


00 


lO 


X  00  OOO) 


00  00 


9 


€Ooi>»e^^ooaoOf-^o>^ 

•   •••••••••• 

g^u^eot^fHC^^HijGtaD 
t^Ot»t>CO«ts>kCf*i9 


00  r« 


O 

00 


23 


P 
►-5 


CD 


00 


0)Q0CO^ 

•     •     •  _« 

SStoS 


S8 


OOkAOOCOCOiO^OOO^O) 


S?!3@SS 


e^St»S 


•       *       * 

St*  so 


p 
p 

»-3 


t^9)CDOOOOC9O)^kO«OOOO0)^OOOOO)^aDOOOO>lOO'«OOaOCOaO«Oi^ 


COiOCOCOQOQOtOXOiOOiOC^^OOO 

^  '^  "^  S  S  S  CO  S?  5  9  S  CO  i8  S  7« 


l0C0i-IC0*H0)A0Dt<*0>00aDi0C0C0Oe0 

•   ••••••■•••  •   •   •   •  _•   • 

COCDQtOQOOlQOOI^QOiOQQOOaDCDCDCS 


P4 


XrHoa)09r*QO^o<«oow^^^<4>oD^o)ooeo<«^a»(Nio^«oc«or«oc9 

o        ••••••••••■••••••••««•••••••  ^_*      •      •     •     • 

«-«OOQO<N^Or^O>t^iHeO'9iHv-lO^O)04l^C9^r«QtQ)*-«f-4GtQO»'«ASiQ 

^  CO  00  lO  lid  A  00 ««  00  <«  ^  i#  lO  lO  M  9  ^  kb  ^  ih  td  n  <9  &  ^  lA  ^  to  ^  ^  ^  9S5 


s 


o 
o 

9 

3 


Si 


ooco^tooo<«(Ot^t^ooa»^ooi-4toootoeo 


OlOOOOOAtOtOOv^O 

•       •       •       •       •_•       •_•   _•  • . 


S^'S^!S'$'S'^;;SS^:$^^S^9^S?!^  :!S|:;S'Sl3S:SS'^S'^ 


REPORT  OF  THE  CHIEF   8I0NAL  OFFICER. 


409 


4  ^^4 


a        • 

SB'S 


ooooo 

•       •       • 

0>  •2  9* 


toco^^eoiatoaooiCfk     x 


•   •   • 


•   •   •   • 


ox^i^^t-4cooo«t^O)Ooao 

•  ^^     — *  ^^ P   ^^  •  •  •  •  •  •     _9         • 


CQ  C9  Q9  CS  ^  C^  OQ  OQ  vQ  CQ        ^ 


•  •  • 


eOA<DCDC9^<V^OG«G)<000 


CO  lO  O)  «-4  3>  lO  ^  G»  OD  8«  CO  O)  O  r^       lO 


GVOO 

\0 


5« 


e«<vaDoaooi<HOOQ»^oi^iooi     o 


•  •  • 


0(0 


eoio*-<r*t*co<D 


•   •   • 


loSoSSS^to 


CDOOO* 

•     •     • 


t^onoooD'MO^oto     o 


•       •     -• 


•       •  •  ^»  _• 


ssssssssse  s 


44 


3ff 


o«^oo«o^aDa> 


S4  000»«Q»0> 

« 


K88g^^ 


<eo»ooe><«0)&oo»iao>«oo 
•   • • • 


• .  •   •   •   •   • 


6i« vSSSSSSco^SS^    i^ 


v^  w  V  t*  F*  to 


«toao«o»« 
•  •  •  •  • 


9>  e>  CO  o  O)  oo  ^  rs  ud  t»  co 


•   •••••.* 


QD  ^5  ^D  t^  ^}  to  1^  Q9  ^5  ^9   ^^ 


00  et 


»^gf 


oeoudQ«eoAo^i^o»^e9«c«<D<oi:« 


S^^S'S'i^^S'^^^S^S'^SSS' 


OQ0C0l0OC9OO^OI«aDQ0^'«   o 

•   •  It   __»  ^   •   •   •   •   •   •  »     Jt       •  .  J     _> 


tOOIQO'«0)OiOOiOC*0 

•   •••••••••a 

Q>«eQQ>»Q)Qicegg 


Oi-lQ0X)a0-^O«HC0t^C«(0i0iH0«       ^ 


ODCOO 


COiOOXQD 


t^^aocoxoaoooicaoiA     oc»>iAa>0»cot»(O«ao^o<«a>^     oco     <o*q*<o 


i-4r«eo<OkO 


(oaootiO'«'«a»^ot«coeo     o«hc9io 
55  c5  ^  OT  w  ^  w  w^  w  ^  ^     o*  CO  v5  w 


CO  CO  (n  c!S  9)  CO  CO  CO  CO  CO     co^v     ^'•f  Vp 


lOCO 

S'8 


GDGDCtCt 

^«     •     •     • 


C9C0 


*H  lo  ud  o  ot  o)  00  r*  ^  r-     io«     «Of-io 


•       • 

eo«-« 

<-iOI 


to  00  00  lO 


lOOO 

•      •      • 


COO 


OI«Q»^*HaOCOOO«OtiO^CO{^9>      oo      eooio 

_^        •        •        •        •    _«       •  _J       _>        •        J    _m    _•  _  J  ^«  j»  __J  •        •        • 

^^  cococococS^co  ^  CO  nncon     n^     oococ^ 


9 


'it 


I 

fi 


a 

I 


S  8#  s«  fc 


410 


REPORT  OF  THE   CHIEF   SIGNAL  OFFICER. 


e8 
P 
0 

a 


r^  S  r*  t^  6  3  S  S  i« 


.  •   . 


«M|0 


^0     t  CD  CD  CD 


iHiHa0^kOOOO«OiOOOOkO 


•       •       • 


•  •       • 


SSSSSSSSSi:SS 


OAeoooiooor«to 


koooetet 


ts 


•OtO 


► 

I 


04o^cQa>QOQOc»o«oo^oxoeidQocDO»o^o     eootoooiiocDoao^oo 


D 

a 

a 
o 


g 


03 

O 

CO 
H 

K 
D 


3 

o 

!3 


o 

O 


^cDioooaoaD^coxQooo«(OOQOote«<«oi^i*-i     oi-4oi^cDe«oo^oi^ 


r-4aOiH^rHOC«i-iaO^COO)0«OC«^Oe9<DO^CD       <&OD3«XiHOCDaOO«D 


p 
<1 


oeokA'«oocor^o>e4^'v-<^i-ioooiooioao^e» 


lO  i«  <«  O  C9  00  (DCtn 


s?i£Ssi6Sf^^s3iS^ss^SFis'^{:^^  ef^sis^ssiisgs'^ 


0 

•-a 


O>O)0O^t«QDCOO>iOO»^ 

O      •     » ^«     J     J     •     •     •     •     •     • 

O0ODCOSSt*dDxSQ0w 


^Q0OeDOQDCQI«et«D       CO^et«OlOOO«DA 

•       •       •  ^m  ^«  ^»    _»   _»    _•    _»  ^»      *       •       J  ._»  _  J       •      •      •  ^« 

x£wt^r*»3D0D0DSDSD      55otoo5F>  t«>90QO  wF* 


k-i       Q» 


00  iH  iH  CD  CO  ^  •«  Ot  00  00  l^ 
0000Qp00Q0t>:-«0DXC>O 


ooioeoeoeo     ooi-4<^cDotiH«oD9» 

•  ••  •  •  •  •_• •  «  •  •   _9  _    •  •        ^ 


SSBgg^tfcSSSe    SSSfeERggg? 


fr 

^i^ 


CDOOOO)0400CD^OOiACOlO^THO)^^eiOtiHOO       ^QOeO^I»0)CDOGtei 

O      ■    ^     •     •  ^^*     •••••••••■•••••••  ••  •     •••«••• 


I 


0)QOi^r-IOOOO«aDCDiHiHO 


lOiHOkAOOOpOr-IO 

fl^^  C^#  C^v  C^v  C^#  ^^v  C^)  ^C^  ^^3 


lO 


Ot^CD 


^t*C«iH^O^T-IOO^iH'* 


•     •     •     •     • 


SSSSSSSSS8S3 


CD  l«  CD  ^00  ^  CD  lO  O 


I^OOO 


0^000000)^00^0 


^OOOdOiAOOOt^ 

cdSSSioSiousS 


00  ID  CD 

•    •     • 
v-4r-4iD 


0 

•-a 


ootooooooeit^oo 


OOOOOilNikOOO^O 
SScoSSioSScD 


00 


O>00CD 

•     •     • 


g 


OD 

0 

I  :  M 

o 


s 

o 

S  a 


s 


las-^ 


-•5 


0  2rrj«»* 


il 


St 


s  o  «  S  S'B  S  i£  J  i  « ••  S  &«  S  €  5  &€  S 


«2  *»  *a  e  -M  'S  t*.  9  S  •  O 


8 

o 


BEPOBT  OF  THE   CHIEF  SIGNAL   OFFICEB. 


411 


•     ■ 


00  CO 


to 


_•  •       • 

2}      iaS 


CO 


o 


0)0 

S*8 


00 

<o 


CO 


00 

3' 


lO 


t^QO 


QOO 


00 


00 


01     o)  vH  CO  ^  r^  o  <4> 

•  •       ■       •    _«       •  _J       • 

3     SsSSSSeoeS 


fiOOQOkOO) 


•     •  _  • 


Sio^^io 


a>ooioooeo<-«^oooc09ii-(ooo9a)O9O> 


COCOi-4kOQ«CO       r*  O)  00  CO  <4>  o  ^ 


»«o»oooeoeococooioooo«o>co<3«iHec 

•  • 


•       • •       •       •       •       • 


SSSSSSSSSSSS!S&S&3 


OOODOiHO 

•       m       •       •       • 

CO  S2  S  o 


00  X  t^       00  06  CO  00,0  O  CO 


• J 

Q0O0)000000C^i-(i000t^0ia»00^'«00O 


to  O  00  «-i  91  0) -«  O  O  O)  !<•  CO       QUCDOi^ 


•     •••••• 


SSS{:{:gRR8SSte   SSSS 


S^ 


OOCOCO^COt«OOOOGOt^OOOOOC«94 


^00^«DtOlOODOOaO^>1-4       90^34r^OO^ 


QOi^ooiiO'«r«o»eoi^<ocoeocooiooo 

QOr»r"wSQDF"t«aOQ6oDS5QOt«SxaDOO 


coocoeo^oocooD^<«oo     eoooiooi 


•   •   • 


•   •   • 


SsSSSSSSSSSSiS   ?s^? 


lOO 


^o^oooooo 


o»oo'«<«a)0)oocoo 


oooocoo'«ooco«^eo<-ieo     oio> 
•   ••••••••>••       •• 

00  CO  O)  r*  go  01  lo  ^  ro  CO  A 1-4     o^no 


00 


to 


rss 


iHOQDCOiO 

•     ••••' 
00  *♦  Oi  ^  CO* 

i^oior*!^ 


e 


eookOO>co^^kOiHXoooot^coa»o)oo -^0)r«     soo) 

i-jcojpoiseootgjQoco^ooi-i'NcoqDOiH-veocO"^     ooo 
r*tf<«t^b»QDrot^®coroi»rorot>-(«cot«i»t^(^Kco     o»o 


£; 


S 


d^ 


00 

s 


•        • 

vHO) 

CO® 


& 


8 


S 


lO 


oo 

lO  u5 


co^ 

S9 


& 


00 
lO 


iOt> 

S3 


s 


00 


& 


O       tH5« 

•       ^»     • 

lO       ^  lO 


CO 
CO' 


o 


MOD 

^'15 


9 


O) 

9' 


^!9 


00 
kO 


O 

od 


lO 
lO 


O       kOOO 

•  •       • 

^     coco 


00 


o 


ooo 


01 


s 


0QO< 


1-J 
aO 


lO 


O       v-lO) 

9'    s3^ 


00 


x> 


a® 


85i  . 


flB 


(N 


«  5  ^  «Ba  ^  &: 


00 


III  f^lHlii  ill  §4ii. .11 


IS 


0 

a 

h  o  0  A  X 


412 


BEPORT  OF  THE   CHIEF   SIGNAL   OFFICER. 


e9 

a 


o 
o 

Q 


O)  00  ^  CO  00  CO  b> 

•         •         •         •  •         •         • 

»*•  Q  «^  QS  t- l^ -^ 


^  QOh»  tOOO  iC 


• •  ^» 


CO  ^  cc  ^  in  w 


aooco 


COXO) 

_»       •       • 

^J*  ^'  ^s* 


iH9)    ^09eo<^ 

3$  i&'SlS$ 


eo 


OOiCOOODOO) 

_•      •       •       •  ^_m      m    .  _» 

^  W  '^  »u  "^  *<?  p5 


CO 


^  CDCZ) 


fHQO«COi-l 


A  •  •        A 


Oi-^kOCD 

•       ■       •      * 


o 


• ^»      •      ■      •      •      • 

CO  OT  W  yS  ^  CO  ^ 


cot^eo 

w  ^  o5 


O  t*  O)  1^  O)  0>  Qi) 


CO 


eo 


•     ^L*       ^ 


CO  CO  '^  55  CO  ^ 


COCOCO^OI 
00  00  w  ^  ^ 


o 

o 
a 

a 
o 

o 

I 


c» 

o 


^^lOO'^OOCO^C^Oi 

•       •••••••••       » 

CO  r*  Tf  Ci  CD  ift  ^  0»  3i  00  00 


000000)^0 

•       •       •       ■       *    _»       • 

09  1^  lA  CO  «-«  Q  1^ 


^COt^CO«D 

•      •      •      ■       • 


O^iHCD 

«       •       •      • 

SCOlOQ 
lO^lO 


CO 


lO -^  Ot  iH  O  (?»  o 

•        •••••        • 

CO  CO  w  CO  w  CO  w 


ODCOeOOiO^ 
^  CO  S^  Cd  CO 


OOr^Oi'H*-!  X 

•       •       •      Ji  ^^       • 

CO  0&  q5  w  c^ 


00  00^1^ 


0 


lA^<•Tra)p^^>oo>coco^r•oco 


Ot<*OC0a009W0>0>9)i0 

•   •••••••••• 

iOi-4CO<^9oeot^9«]^i^-4 
r<-i>t^cot«t<-cof»cocot« 


O  fH  XtCkO 

•       «       •       •       • 

0*»H»«O 

1^  r»f<»r*i* 


o 

8 


0 


aD^OD5>^'^OXiO»'^*^Ot^ 

••••••••   _^»     -?       •  _•     »•  _.• 

iHG«OkOt«fHr«^OCp^OiOO> 


00Ol-OC0'»^2»0>X3D 

•   •••••••••• 

coip^eQr»cO'-4ieaD00ir;> 


a 

0 


91  ^  ^  <0  CO  00  !«•  O 

""  SSSSSS'38 


eo«i-ic»Oi-i 


cDoooo<«e)»«co*4>ao 


J   •   • • •   • 


ssssssssss 


xoott^ 

QD  t*»  V  w 


I 


9)^^t^»«ODl00o)aocooo1-lo^> 


iAoo^cooiao94coaP9« 

•        •        •       •      _p       m        »    _«        «        • 

SScoioSSsSSS 


O  ^OOODOO 

•       •       •       •      • 

O  Q  SOCPCO 

CO  CO  :o  id  CO 


5 
S 

H 
H 

o 

9 
3 


o)woooococoor«a>coco 
Oi»:HCO'<j»fiiie«cpcoi:j 

•«iO<4««fiii0^kO*C^udiO 


OiHOiOOiO^     *0i00001> 

coiftfHftiaqoo    •qpoD^^fi 

>A  ^q*  lO  lO  lO  O  U)     iiS^lA^iO 


^  0»  *<•  r-l  X  1.0 

«  «         ■  «         «    __• 

lOlOkO^O 


8 
S 


COCOO'^OCOO'-i^b.OCOOO) 


teO>0>00>^lOCOCi)0 

S  S2  2  S  2  22  £;  d  i&  S2 


00 


xt^xco 

• » 


^cor^eo 


9 


OOOOOCOOOO0>COOOOCO 
o      •    •    •    »    •    •    •  _«    •  ^«    •    •    •     ■    • 

cJ2S(nSp5&SSS»hco8c?Si-i 


OOOiOOO^OOO 


o 


ooxo 


s 

•-a 


t^t»rHO>COOiOOt«>OC09»eOOt*XrHOC9^0na»kOXaOO 


•       •       «       •       • 


•       •       •       • 


s^S3s?3i!iSis;sssgss;Se:s$;s;siSfisissiSS 


•       •       •      •     _»      • 

00  (ra  coco^cS 


s 

o 

43 

e9 

4a 

oo 


^  «8  d 

S  M  O 

r  o  S 

»  ^  c  a 


d 


jS 


a 

-3 


•r^^ 


9 

> 

o 


^ 


-  slid  s^sfl i^l^ isle's d  5^ 0  0^ 


0 


•a 


I 

8 


15 


BKPOBT  OF  THE   CHIEF  SIGNAL   OFFICER. 


413 


»       •    _«       •       •       •       « 


COO 


lO 


(NQ4 

•         • 


OD 


r»oo 


S'  'T  eo  ic  00  oi  <N  -?*  lO  o> 


kO  CO  1-1  «e  o)  o»  lo 

•  .-^   •  -— *  -  -*  •  ,.• 
o  X)  91  OD  00  9C  eo 

^  CO  ^  ^  'fl'  ^  'V 


0  5»ODeor-co 

Q  ?P  !*•  ^<  vH  »-« 


*       • 


eoo^r-o 

•    •    •    • 


•       •       • 

i2SK2 

^  W  CO 


90VOCOO»^-<Q*|<«Cii-4t<. 


•  •  • 


C4or«kAO<DLr3ooo 

^Ji  ^(^  ^1  ^<  ^^  ^y  ^^  ^fl  ^1  ^^ 


CO  ^60  t^ODO  CO 


• • 

60  CO 


^  CO  CO  TO  CO  M 


0« 

C*?  CQ 


•<1«C0^»H 

*     -  -*  • 

CO  n  40 


o 


O^Ci       Die00IOO»*00C0G«(0 


OQ  OQ        CO  ^  "V  ^  CO  "^  Cv  CO  "^  CO 


g«>« 


CO  kO  00  o>  ^  r*  0) 


^  CO  i-«  kO  J*  CO  ^ 

•        •»•••• 

•9  9  k9  ko  «ir  <v  ko 


o» 


ODO 
^kA 


CO*q'C0C< 

•       ■       •       • 

^  CD'S  CO 


^ODOIkOkAOXO^OOl 

r*coOi<pkft»-ix»H(N'«9" 


•       •••••• 

8Qcoeo«ceo^ 
®^  CO  O  CD  CO 


^8' 


t»eoi-i^ 


3 


CO  O)  GO  CO 

koSSS 


COOl 


^OCOOi-4i-«OCOCOOI 

•       •   __y       •    _•  ^«       •       «       •       • 

coSSSkoScSScoS 


C«  CO  ^  00  •-*  O  "^ 

•        «••••• 

<5«  2£  r<  ®  5*  P  £? 
•»  CO  i«  r*  t^  r*  h» 


Cd  t^  CO  X  K-i  X  t^ 

•        •        •        •    _  _•    _•        • 


o-«o»co 

•        •       •       • 

CO<Ot^ 


cot* 


^2 


CO 


kAr-4 

eooj 


i-4COCOi-4AkAa»^CO^CO 

coei-^kOkooSGicieigdnp 


O»0OC*iHCO0OCO 


•     -•       •     _• 


•C  O  <«  kO  O  lO  CD 

»*  r*  r*  »*  I*  t*  fc* 


o>  ^  o^co  coo  o> 


kOOOOCO 


COO^COCOiHO^ 

•       •••••• 

«->•  A  QD  kp  lO  kO 


C«C*i-«O»©*O»»-<i-HHi-400 

•       •     -?     -J  -•       •••••• 

^^COkOOCOeOCOkOOO^ 


^  I*  O*  00  •«<  CO  "* 

sssssss 


COOCOt* 

SSS& 


0>C0C0OO9^C0»H       kO  O  kO  kO  O)  kfi  i^  CD  to'O  CO 


CO  OD  00  1^  1-4  lO  CO 

SSSSoSS 


CO  0*  a>  o>  CD  <«  X 

_■  .  _•      •       •      •      •    _• 

SS3SS§SoS 


•        •  _^     _9        m        m        m 

SSSSSkSS 


dX 

•       • 

cOkS 


'««»-*t*OC0Ou^Xr-l«0«^ 


iCOt*-iO'<«i-iO»OOCO 

•        •        •       •       •       •       •  _  J       •       • 

•-•t^Qfe^kQ^COOJO 
kO^lOkOkOlOkdkdkOto 


lAkOCOCD 

•         •         •         • 

kficoxe 

kO^Q'^kO 


O  X  CD  r-l  K  CO  Ot 

•         •••••• 

<»  r*  kA  ^  ^  t>. »-« 

kO^:«tOk0^ko 


O^  kOO)9> 

00  CO  CO  00 


0>C0Cb^X^XkOvH09t» 


xeo<«cDxe(iH^co«o 

•       •••«■■••   • 

Al^gDtQCD0900'^>«-40 
CO  CO  00^^^^^^^^ 


^OICOlNiXXkO^eOlCCOOkOOCDOO 
^  CQ  CO^^^COCO^'V  CQ  CO  CQ  ^  '9  '9  CO 


OOCOOCOf-4COO)^t>X 

ogcoo2Sg!222fi*»S^-® 
eo9^^eo^^-^«(Foo9S 


OkOOkOOOOOCOO 


Oi^^cooco^o^oxo 


oooo 

_ Ji    _•       •       • 


■^^i-CO^kOlOkAOOiX 


lAXOkOt-vMCOkOOO^ 


kO  O  f^  t*  |s>  r*  1-i  X  X  O  X  0«  0>  *->  kO  kO  kO 


OOt^^AOiOiOkOkOX 

•  •      •••••• 


So)(Se»S$Soicomc4SS?3eocbQ40)     AcoSSSScSS^SoSfi 


4ht^ 


'3 

a 

d 


a 
S 

*2 


Srg 


^- 


•MS  d  es  oD'r 


& 

B 


•i  —  <? 


fl  d«=  d  a^^  o^  o  o  OS 


d 


REPORT  OV   THE  CHI£F  BIOMAL  OFITICER. 


i     'I 
J 


■iSSo  vS 


S3'^!g^^33S; 


:im 


tiiti!is4i  -.sige^i 


iiii»4 


EKEgSKESBSSSKK 


•Ss 


i44i4 


S$  13S  iSS    SS 


£2    38 


$«    1^ 


an    p 


»SttSSSt   ti 


cjSssg'siBB  is 


Si:e!:.:3se3CSSESEess&  :::& 


lisis'^  ^!! 


SSSvvvq^SSvSvSSSvScpSinSSSs 


lAu^iASSta^Sis^^icSvioSioioB^u^idS 


ss^^g  i$^ 


°SiSSSj^l;SSSSSSS33S3lSBSS#S 


iii4s  S8 


"s's'iss's's'^'s^^^^sisi^ssiiss^sSsis 


Ei^^iSli  ^; 


Hiii 


Mil 


BEPOBT  OF  THE  CHIEF   SIGNAL   OFFICES. 


415 


_•       •     _»       •       m       • 


^'9 


'^ 


CO 


1-1  kO  coo 

•       •       ■       • 

ooooo^ 


9>  0)00  t* 

•        •        •        • 

OO)  o«  oo 


ocot^Qoecoooiceco^a) 


OOCDODOidt^M 


COO)r-IO<OQOt>>COeOi?IOO 
CO^O'dOOCQOQiOOvvS^O'd 


CO  CO  00  <^ 

_•       •       •       • 

pd  CO  CO  CO 


09s^i-«cooi>a}co«»cooor» 

•   ••••••••»••• 

yOCO^OO^OOCOCOCOCi^^ 


0(t«0<OO0« 
COoS^ftS^A 


lOi^ODOOCOCOOkfl^OI 

OOOOOlcd^OivdOOfOCQ^ 


COOOO  00 

CO  CO  CO  n 


r*i>HoOkOOAiO-^coiAoa>co 
oo^o^^coofcococvivtcococo 


O0)-^0)OC0 


e«ggs 


CO 


coo>covcoc«ooooaD^o 


iOCO<^QCpO>*^CO 


OOiOCC 

•       •       •       • 

o>  o>o>  t* 


tAOOO^O-^COCOOCOCOOODOO 
t^MCOOOLO^^tfOOi^COt^O 

^t  ^«  ^^  ^Jl  ^p  \Q  ^}l  ^1  ^1  ^t  ^1  ^y  lf5 


O-^COOOCOiOOOOO       O0»0IOOOC0  ;0  0«0c» 


QDOOkAX 


cOQO^w«j'(5ih»c*coaoiacoo 

•  ^^  ^9    __y       _•        « y        •  ^»    _m     __•        •       _• 

oSiacoiaSSSSloScoco 


G4 


Rprgf^gS 


coco       0<-«COQO«-4000C*t»rO^ 


•       •  ••••••■ 


gs 


?•  I*  i>.  i>.  CO  ;o 


iHiH-^CO 

•       •       •       • 


■^aooii-icO'^b»oi>."^oo«s(?> 

V>t^COCOl^COt»t«t»CL>t«t<>^t^ 


COOOOI-^f-iOOO       CO0«iO 


•      •  •  •  •  ^»  ,• 


sse^SSgsg:  ti^^ 


CO 

8 


C00l0»t«0)X0000O 

ojkAoOAoleoeoooc^ 


O)  O)  ^  00  O  lA  CO  CO  coco  lO  O  00  (N 

r«»AeooQOc»cpo»co*-ir'^cokA 


oiAO)'x>ce^^co<«     co<«t« 


CO 


^coeoooiooDO>o)o>^cooot»t'«oococococooo«Heo 


•       •       •     -•       •    ^» 


_•_•_?     ^       • 


ssgssss&sgggsssssss 


oeovHOO^t^ 


CO 

!3 


QOOC0 

38S 


!S 


C0kAAO^Oa>*^'«C0Xi-^iH^^OkAC<aD9)0ir^O00 

S  9  S  uS  S  S  S  CO  S  S  S  S  S  S  3  kA  ^  s  s  s  s  s  s  s 


e«cococoaoi* 


s 


OOdiO 
O)O>Q0 


01 

CO 


«HOI^eO^OOOOiAOt»09 


00^  OO  <£  CO 

»«HMq«a»  op 


0>C0»-4 

•    _»       » 

CO  99n 


09 


00  0)0«^ 

•       •      •       • 

CO  ^  00  CO 


O0<*-4OG«00 

•        •        •       •    9        m 

^  ^  ^  ^  ^.  CO 


CO^O)<3<9>Otr*CO-^0^0) 

QOt>>eocoiAQO)co^a>o>oo 

■^^lA-^iiAiA^^^-^^eS 


OiOiCOOO^OOiACOOS^-^O 

St:2«2Jwcogoco»Ao5i>.*co 

WCO-TTCO-V^WMWCOCO"^ 


iHOt^OeOi^lA 

5)55  CO  ^  CO  w  ^ 


09  coo 

•       •       • 


5* 


eoooooooooo^oo^ 


QOtHxr^O^fHOOOiAiHCO 

^5COM»-;oo»o  — cooi'^i 

»H  »-*  C«  fH  2J  6%^  C*  »-l  f-»  tH  G« 


OOOOtiACOaD^ 
ffi  n  vSoS  So  9S  lA 


00 
00 


^t»^COO'«00)COi-<«M 


QCOt>>OOt«kACOO)iAOCO'7) 

•        •••«••••••» 

rjO0t^'^CO3PiHt>i00*HTf00 


b  o  8  o  o  d 


s 

a   . 

O  5^^'a  OytM 

^  ^  a  o*-©  e.^  S 


416 


BEPOBT   OF   THE   CHIEF   SIGNAL   OFFICER. 


«8 
P 
0 

< 


\a 


OOCOtHCO 

-  •     •     •     • 


lA 

s 


n 


0)001  eo 


i;s«'^ 


o 


O) 


o 


OOCQOQCOCCCOCOOO 


to 


0(MO«-^0>0^0       iHdOOOO 
CO  CQ  C3  CQ  ^  C?  CC  CQ        OQ  ^  OQ  ^ 


lA 


iHOC«iAOO« 

■         ••••• 

0»Q)O^C4^ 


^  Ol  CO  O)  O  «C  00  t^ 

•       •••■••• 

uj  CO  2i  "^  22  ^  "*  55 

COCOcOCOOQCOCOOQ 


00 


t>»  O  O  CO  00  00  o»  <*      o 


(OCO 


cc 


l^  CO  00  CO  »-*  "* 

■        •«••• 

CO  00  00  CO  00  iC 


0 

a 

a 
o 

o 


8 


•♦a 

o 

o 


CO  CO  Oi  OJ  t*  O  ^  iH 

c>)ooiLO^«Ni^a)0> 

iO  ^I*  ^'  ^i*  ^i  ^  ^  ^I* 


00 


Oi  ^  l>.  ©•  1H  0>  CO  l>»        iHCO*hOO 

•   ••••••fl       •••• 


01 


O*^C00«aC9 

•  _^       •       •      •      « 


<2 


O)  00  ^  O)  fH  O  00  o 

•        •••*••• 

QDsOCOCOCOCOCidCD 


CO 
CO 


Ci  O  t^  O)  lA  00  CO  0>       Ot^OCO^QO 

ovxaooiuoAcotx      c»QDcooeoco 
kO  CO  SS  lA  «5  SS  lA  kO      cococot^coco 


1-4  O  CO  1-4  OO  ffO 


^sssss 


60 

0 


^•V^»AI>»000 

o      •••••••• 

OtCOCOOOiOICOO 

f»  t*  i>- r»  CO  t*  «>•  I* 


O»O0ii-«kAC0OfH^ 

•        ••••••••• 

oo^®co^q>ooTHSj2» 
jt«r«^c^{»coc^roCOCD 


CO  CO  00  o»  t*  ^- 

•        •••■• 

•^COO»XCOCD 

t*  I- 1>.  t»  S  r^ 


o«-iiAt>ieoa 

•        •       »       •      •      • 

i-i-^O-^^ACO 
00 1*  t*  l^  l>  f* 


o 


0 


t>>00(N^COO 

•       ••••• 

11  CO  00  lA  lA  so 

I*  i>.  r»  t*  t*  i> 


co^co^ 

•       •       •       « 

^  CO  0)  CO 

r*t^coc^ 


<-iiHiACOCO       00  CO  CO  o>  o>  ii  o 


1-4  0>$«®0I 


"^  00  00  Q  lA  r^  :t 
»- 1>  t*  00 1»  c*  r* 


t»OCOi^lfi 

•        •        •       •       ■ 

tA  t^OOCDfo 


2 


o 

0 


o 


CO  r*  00 1^  coo 

•        «»••• 

oo  CD  CO  g>  o>  <^o 

S>CD  CO  9  @^ 


OOO"^ 

•       •       • 

CO  CO  CO 


CO  CO  lA  CO 

•      •      •      » 

cot«^® 


CO  CO  CO 

•        •        • 

SCO  CO 


09aoooiHkAO«rx» 

'^0»CCiHOO»«0® 
t^t^CObotofot^COCD 


^ 

a 


CO 


0)COO)t^0)CO 

•        ••••• 

koSSSodkA 


CO'^CO 


@ 


0*t* 

COkA 


CO  9>  O  ^ 

•        •       •       • 

A^QOCO 
lACOiA  kft 


iAao^o> 


t^O)Oi«roo»ODi^ 

CO 

CO 


»c  r^  CO  of  o|  t*  lO  CO 

*^iACOCO<0»fi«< 


I 


O) 


o« 


s 


00  CO  CO  lA  CO  o  o  o 


oo^ooi 

_  •        ■        •        • 

^lA^^ 


O) 

lA 


^OQOOICOOO 

•       ••••• 

CO  T  ^  'T  ^  ^ 


CO 

• 

CD 
00 


CO  00  00  CO 
vi  ^  W  p5 


io 


CO 


COOl'- 


^co 

00  CO 


O>Q0 
^  CO 


coocor^eo 

•       •       •      •      • 

iAkQ;Qh>CD 

kOiAiAiAtA 


i-iC0O»« 

•       •       •       •       • 

^COt^COiO 


-§ 

fo 


St 


00 

• 


•       ■       • 

1-4  1-1  •M 

0)0)0) 


l^OXi-4i-i*^ 


00 

kA 


coocooo 

■       •       »       • 

iHOirHr-l 


SI 


00 


« 


ss 


Ot^OCDO 


En 

o 

e2 


0 
OB 

•-0 


o 
o 

oB 


s 


0) 


COOt^OOkAOO 


od 


OtOOOkA 
iH 

O) 


^8$:£; 


a> 


04 

n 


C0  0)0> 

•        •        • 

0)0^^ 


OCOiOkAA 


REPORT   OF   THE   CHIEF   SIGNAL   OFFICER. 


417 


UOOO 

eoxud ^ 9>   • 

ss 

•    •   •  -p   •   • 

'^  ®  ^  *  ?0     » 
•  iA  O  O  O  lA     • 

1                    L_J                       t 

1                                 • 

•  •  • 

lA  o  u5 


«>• 


i; 


l^  o 


^ 


s 


o 


s 


s 


•    •    •    ■ 


=2 

lA 


lAOIOD 

a        •        • 

o»oco 

lA  lA  lA 


S 


CO 

s 


0)COCOO»OiA9)OaOkA9»Or<>QO 

•       *•••••• 

;0  CO  CJ  (N  ■*  »A  ^  O 


00»^»-l»AI^O;pC0C?(N"*»Ar^O 


CO  3* 

•     • 


O^t»iA00^lAO«kA 
"^-V^iA-* 


lAOtiA 


Tf«*00iArHOXt*50O"^ 


a 


m       • 

OkA 


OQ  OQ  CQ  CO  OQ  CO  OQ  CO  GO 


CO^OlA 


r«  CO  c»  CO 'N  O)  O  ^ 

OTWCO^COWCOW 


OOCOCQCOCOCO^^ 


CO 

■ 

o 


o 


(X>ococoxooit>i00ooco^or» 

•   ••■■•••••••••• 

•q»»QOC«'*0piA^^^»ACO»t»0D 
lAiAkA^kAkAiAiAiA&AiA^iAiAiA 


cot»;o^oo):ococ«co3 

•       •       •       •       «      _»       •   ^  J      _»       •       • 

lAihLAkAtAOCOLAiAkAiZS 


lAWODOIOrHiA'^O^QD 

Soaocjcoi-iuoojaoooaD 
lA^kAtAlAtACOiAkAkA 


CD 

» 

lA 


■  —      t 


C^O     'lAI^-iACOCOOCOCOCO 

^QO-T   •  00  CO  CD  ^  CO  CD -!r  CO  OO 
CD  ^  CO  •  ;0  CO  cS  CO  ^  O  CO  CO  CO 


CCOOiAOOkAiAiACOOft^CO 
•NOO-^00'^OCOCO"*tl>iOOCOa 


0)O)iAOO^O»OiAO)Olt>>OOO)tH 

'vtHcpco^coTi^^HeO'^'^cS'^co 

CO{^COCDCO^COQ9l>»COCDCOVCO^ 


CO  00  CO 


U945— SXO  90 — -37 


418 


REPORT   OF   THE   CHIEF   BiqNAL   OFFICER. 


0 


1-iQOiO 


3 


s 


00 


•  kA  U^  l^  OQO 


QOO 

■         • 


s 


»      •      • 


o>«Hoaot«- 

o       «     •     •     •     • 
^t  ^^  ^*  "^  ^« 


»      •      ■      •      • 

^j«  ^^  ^j(  ^1  ^y 


^ 
^ 


00  O  CO  O  9>  rH  O  CO 

•         ••••••• 

SC»  CC  (£)  0>  kA  Q  v-4 
O  to  ^  ^  ^  to  tA 


cco)-<a*o 

•        a       •        • 

kC  ^lO^ 


C0O'« 


5 


> 


C<5  CO  OQ 


CO 


^  9Q  CO 


O) 

$; 


00 

Q 


th  00  o)  o  lO -<a*  o  00 

•       •«••••« 

00  CO  us  rH  ©>  «  «  ^ 
^>  ^^  ^1  ^|i  ^f  ^f  ^^  ^|i 


COC0OO 

•         •         •         • 


•      •     • 

OOP-* 


t 

0 

0 
O 

I 


M 
O 

H 

H 
P 

I 


o 

O 

a 

e5 


o 


O  •  •  9 

tOkOlO 


OQ 


to 

0 


oo^co 

o      •     •     • 


0 
»-3 


10  0:0 


I 

0 


lO  W^lH 


a        •        • 

lO  koS 


00 


©I 

lO' 


l^  lO  CO  0>  t*  &0  CO  o 

•        ••••••• 

1^  00  <9  t»  Q  CO  C«  CD 
lOiO^^lOkOkOiO 


G4  kOOOO 

__«       _«         a        • 

kO  ^  lO  tO 


lOiSkT) 


kOOO^ 

S3S 


O 


lO 

lO 


W  O -^  00  "^  CO  •«*•  o 

•        ■•«•••• 

0^lO^•«-N^QDlAt> 

CO  CO  CO  CO  CO  Co  CO  CO 


0IO<^9l 

a        a        a        V 

©  $3  ^5  S 


Ol00« 

■      •      • 

?o»»o 


r«  kO  lO  00  lO  o>  9> 

a       a       a       a       •       a       a 

CO  uO  CO  Ol  kO  kO  01 

t»  t»  t»  r»  i>- 1^  i>. 


eo'^oi*o>i*»oio»-«Oi 

•        aaaaaaaaa 

kOrHl^OfHOiH'VjiW 

cot^t*r>»i>«>.t*t*f*i>. 


OCOOO) 

a        a         •        • 

OtpiHC» 


oieoo 


CO  CO  CO  tH-^ 

•        «        •        •        • 

OO^t^iOt* 


coooxt^co 

__♦        •        •        •        ■ 

coo  kO  0)0 

t^  rococo  t^ 


CO       lOOiOOOOO'^i-ttH'^^l^.OIO'V 
CO       CVCO00kO:q'C0xOt»tOCOkOCOkOC0 


^       OOQO 


t*^-V9ICOr^r-l»CO 


O) 

kO 


OO'fl'TH 

•       •       • 


CO 

■ 

o> 

CO 


kOi^QO 

•       •       * 

Oar-i 


t^ot* 

O  a  _  J        ■ 


CO  "^  lO -^  O  t*  00  CO       ■^•-•Ol 


vHOIiHOOi-^XCOOO 

sssssssss 


t<«iooe)^ 

•        •        •       •       • 

CO  CO  CO  coco 


iHOOkOkO 

O  a        •        a        a 


kOOlCO 


t?o*Q5 


00 


CO  coo 

■        *    .    * 

^ko;o 


l>ooooo1H^•coco 

J*        •        •        •        •       .•        »        •    __m 

koiocOkOkoSkOoS 


O  COO)  CO  CO 

*        «        •       •       * 

kO'O  kO  tO  kS 


CO  •?>  O  CO  0)  t^  t^  o 


•       •       •       • 


o»  ^  CO  00  oj  TT  22  « 

^^^^  ^^^>  ^^r  ^^»  ^^r  ^^^^  ^^^r  ^^r 


kO  CO  00       kO  CO  CO 

a        •        a  •        a        a 

COkOOO 

*v  ^J*  ^* 


gCOtH 


'«J'00l>.00O»^kOCOCD 

Oi'S'OiaoOkor^.oor? 


^rHOOD© 

•       •       ■       •      • 

"^•«-kOOi5 


.fi 
o 


CO  00  00  kO 

»       »       *       • 

COQdOi-l 
OlOtrHCO 


XOkO 

si  Si-' 


CO 


»o 

CO 


iH         l>0>  ^ 


oo^•o^coo 


o»  r>.  iH  0* 

CO  CO  CO  oo 


Ot^O 

CO  CO  CO 


fc      a         a      _a         a       J 

vl  CO  CO  ^(0 


0 

«s 
•-a 


kOt*5»aD 

O         a       a       a       a 

c«Soico 


OOO"^ 


00 

o» 

CO 


kO        CO 

a  a 

CO        CO 


00 

0 

o 

06 


0 
0 

0 


«  a 


-  -80 
§205 

o«  2  d'JZMM  o 


o 


CO  i>»  OS  '^  ^ 

a        a        •        •        • 

'*coa»>>-go 
CO  so  00  CO  oo 


00  coo 

«        « 

CC  "^ 


•^•^s 


0  00*^^0 
CO  CO  CO  €0  70 


"o  SB'S '3'©  S.M.5 


WW^B^T"^^ 


BEPaST  OF  THE  CHIEF   SIGNAL   OFFICES. 


419 


9-* 

Ot^OQ 

( r—i   ( 

r-i    «       p-1    . 

•       •       '    V     -f 

CO  S     •  CO  CO     < 

>          (_l     •          U-I 

• 
1                         ■ 

1-*  •*  00  O  CO  .^  OJ     « 

.   _^       .    _  _.       ... 

CO  O  ^  S  CO  CO  CO 

""[68.'6j 
67.0 

!oJ^r-»0>lO«?CO     ' 

1 1—1              • 
•  OOOOO     "CO 

1                                  ■ 
>                             • 

49.1 
51.5 

65.6 

[64.0] 

62.0 

13  , 

.     1— >                   1— 1 

>C0OC»0)(NC0»^O00OOOO0) 
'^;oS^§3oScOcBcOCOCDCC 

60.1 

I O  O  1^  00  !>.  CO  0> 
•  ^  CO  CO  CO  CO  CO  CO 

I  01  coo  "tf  o 

•        ft       •       •       • 

•  :o  Tf  —  Ci  0« 

CO  CO  CO  o  o 

42.4 
44.8 

!       »0  Ci  00  O  0*  O  O  o'o  0>  CO  9<  04  o'oi  (N  t^  CO  (N  Ol 
>       lOiO  tO  kOuSiO  lOO  kA  iO  lA  iOiaS  kfSkO  3iO  tO  c£ 

'"56.'2" 
51.6 

|Or»»Oiiooooo©iUit>iiHooco 

OiAoSkSkOioScOiOtAiOiO 

51.4 
51.6 
.^3.4 

69.7 
67.8 
65.9 

•OCOk0^096«OCOCOOOCOi09)iOi-i 

1                                                                                 l-J                                    L_J 

*"'67.'4" 
68.3 

!  O  l^  CO  so  00  ©^  00  «'C0  ^  O  00  o 

64.4 
64.8 

[77. 0] 
76.0 
76.2 

•  r»ocoo^oi>.oicooj'^"*'*o«  CTco 
lOO<o^l^r^•^OlO^•oocow^t•^9P^■ 

'"'76.'7* 

78.7 

OC^«-it^COOOOC4COCOC4COOI 
CO'«*|>riOsdO'«rCOCOod<d3JO 

72.5 

71.0 

«71.8 

77.8 
80.0 
77.4 

t*o>-*oiao»HO«eoo3*  o'oi  o  eo  » co 
Ejodpo-^QDt^udoJ-^QOjodQQOj-jgp 

»t*l*r^**l*t*l^t»aDF»t>.aDt*OOl^ 

!  o  o  r^  lO  <«}•  e«  lo  99  CO  o  CO  o'co  i^  lA  c^ 

iSoSBSSSgRgg'RggSsS 

75.8 

75.0 

d72.8 

83.3 
82.0 
78.2 

»0?0a>C0WTHOI*i0»0C0i0000»00^ 

83.5 
8-2.9 
80.7 

kOOi-i^iot»THOococoooa>o« 

04  0) 


t^oo^^eocoooo'^^o 


OOlOCOOIkOt^ 

..... 

l^  t*  t*  ««•  t>.  f 


i0Ov-40>i0OvHi0O00O0)0)000Dt»^ 

_•         •         •         •         •    •         ••••••••••• 

oicoco»-i^oeoe«iHo»^qa©ieOrHeojo 


oco 

•       ■ 

SCO 
lA 


OO 

COlO 


00  CO 


ta 


^s; 


COCO 


CO  01  CO 


CO 


kO 

8 


O  CO  CO  o  ^ 

_.       .       »       •       . 

SiifiScoS 


ROCOCO  CO 

■       •       •       •  ^J 

uSSskOiiQio 


t*OI 

Sis 


30  ^^ 

•       • 

lOO 


0)00 

■        • 


ClOOOiOkACOO 

•  9  •  •  • 

O*  O>Q0b  CO' 
lO^  U3  ^  lA 


<S»Q^C0gCOg 


o 
cd 

*C  oB 
QD.S 


a 


tOX 

8^* 


CD 


oaor-io»otC4cocooaoo)cooootc»aooo> 

.  _  J    .    . .    ...    •    .....  _  J   .... 

oSSc<»^coSt^i>co^coScSoScoSo 


25  lA 


oia>'«^xo)o 

....... 

g9>  (<•  Q  t^  9>  CA 


o«co 


vH  O)  CD  X  CO  00  lO 

•         •••«•• 

»-•  CO  Q -^  •^  CO  CO 
lO  lO  lA  lO  lO  U3  lA 


0>iA 


f-4  *H  lA  0>  00  C^  O 

•         •••••• 

r^  "^  »A  q*  a  G«  CO 


3 

.a 


O 


oc.3^2.2 


S 

o 


o 


9 
w   —   4>  S 

•"<  T«  w  O  S 

e:;2o(S§ 
§  a  is  S  S  2  S 


eB§ 
S  S 

C8 


S 


o^^Q9ococoa>kA■<a•x 

•       •      j»       •       •  ^»  _^       •       •       • 

COiACOiAkAiAtAtA^tA 


>ACOa)iAO<*-4COiAO&A 

S.  •  _•  .»  ...... 
'500Oi*H.-4OICO»H» 
lA'VTPiAlAiAiAiA^ 


kAeoi^oooi-<kAtAcoa> 

_. . _.    •  ■ .   •«...• 
^eoo>ooaicoc$iAC3ir« 

lAiA^^^iAiAiA^^ 


9 

0 


5 


»4 

OB 


>X 


^  ^ 


era  -g 
^.5B^fl8Ja;:300tiOHetfqMGwoc855e8e8oc.";;c«2«=:^oa9©<o.2'5S 


5&o.a  S 


•*o<o 

*       .       . 

ooq^ 

l^l^CO 


kAOr^ 

... 
.-4  ^^  {>. 

;OC0&A 


O-^OI 

... 

SCOrH 
lOiA 


O  ^00 

lASOod 
lA  lA  ^ 


bfi 


-  Cm  S  S  P 
«  eQ  eS.=  O 


CO 

Q  © 

§5^ 


CO 


0» 

o 

CO 


lA 


M'^'-' 


W 


© 

Si 

eS 

a  © 
«8  a  rt  » 


420 


REPORT   OF   THE   CHIEF   SIGNAL   OFFICER. 


C8 

a 
< 


tA  Oi  00  o>  ^  O 


X>  \t> 'Ti  in  t^  t^ 

;o  :o  CO  o  CO  CO 


t^c«  oc*»oao 


ococo 


b^ot^otfij^aot^aDtHObo^TCeo 


^^   *^y    ^^^    ^^P    ^y   ^^r    ^^F   ^^f     ^^^   ^^»     ^^»     ^^F   ^^r   ^^B 


eoc» 


^CD 


o»  ift  ^ 
tA  Im  kO 


OiHO'«J"^00«0»0'*Olft»OOOt 

u-}  o  c?  <»  TO  «  Oi  ».o  i»  CO  c*5  «^  »-I  ©i  © 


OC^C^'^C*©  ^-X) 


o 


COCOCOOCOi-< 
l^  *-J  ««^  CO  ^  ^ 

iG  iii  iii  la  iti  ta 


«oco©c*cr>e«'ve*c9anaD«oooieo     t^o>x>co«i-*coa> 
*^oc5r56>coq>»>roQcd<?ix»c5f-^     i^Of-Ico'-^b^oo 


^  lA  CO  00 1^  00  iC     cot»OQcaococooi^eoo«cocc(N 


c 

a 
o 


o 

CO 
H 

3$ 

H 

-< 
D 
»5 


H 

O 


o 
O 


o»  lO  CO  c^  r«  :q  lA 
CO  CO  CO  CO  Id  CO  CO 


^  ^  "^  ^  ^  ^  ^  ^  'V  ^  C?  ^  '^  ^ 


XXkACOCOCOODv-i 


OOl^X-OOCiO       C00i<0»-«Oi-<CCaD(NQDC0i»X«-C0       lAOO 


oo*a'r*»AQOi>-io     O'TiOTHXOao.xooccoif:©,*^     '-©^"T 

t^l^r*t*C^<^t^       ^lACOCOiiAiacOiACOCOiACOu'^iAiA       COCOCO 


P09)<^coco*>ot«     oikAcocoeocoooiixor^ccL.ccoo     aooo) 


a 


O  O  O  O)  «^  00  O) 
00  l^  t>.  1^  00  t^  C^ 


COCOCOCOCO^OCOCOC^COCO^OtCCOiA 


ecco 


rs^-o^o 


CC  w  L^  O 

COCC^^O 


o  e*o>'-« 


C4X9)Ot^C4eO       01  ^  OO  00  t»  O)  ^  «-■  CO  10  ^  "«>  O)  ^  O)       CDt>iCO 


»AiA  X^ 


P 


2S5JQiSS55Sa      lO'^iOWococecoi^i-incooco©      cc^.-rco 
oiodooOQOQcaDob     cocococo®cocd^cccocoocococo      t^i-«<> 


0; 

P 
0 

•-a 


r*  1-1 00  U3  CO  vH  r«  CO     ocox^-^o^oocoaoooixoo  <«     ko  o*  d  co  o  <^  i^  ot 


O)  O^  CO  OD  t^  kO  l»  A 

t»  t*  t>»  t*  l«»  t^  t^  1^ 


s2C*"^ooco'T'^os"^»oc5^0'5CO   *H*-4t»coapoi5?o 
CO  CO  CO  CO  lA  CO  CO  lA  :C  CO  CO  CO  CO  CO  o   t«r«cc^£(^»co 


1^ 


<3 


^C0  5*OC0  04 

•       ••»■• 

•«•  ♦- 51  o«  •«•  o« 
t*  r*  f*  ^- 1^  r* 


W©  NO^I-O 

■         ••••• 

!>•  CO  CO  CO  r*  t>. 


SiOCO&OCCCOr-iCOCOCOQOiHkOa) 


QC  aoo:> 


•         ••••••••■•••a* 

3'r»io®i-nOioaD»A'reoios*^»-« 


CO^® 

•       «       • 

S-^ot 


t^CO^CO 

•       •       •       • 

co©i?S 


OO  lOiH 


lO 


e«  «>•  CO  CO  ©  *H  ©I 


S 

S 


00 


OCNt-Op 
kO  iO  lO  lA 


kO 


iOr*C0'^©'»l^Q«»©*i-i!O0*X)C0 

'^S23C05^'"*^^S!G*CDC5C0'«» 

COCOCOC0€OCOCO0O90SCO«909OCO 


^COCi 

•         ■         • 

CO  •-<  »^ 

^Jt  ^t  Ij* 


•        «        •        • 

©co^ii 


00  00  0«  CO  kO  ^  CO 

•        ••••■• 

O0C0©COtH©  © 
■^  kO  kO  kO  kO  kA  kO 


OTl«©^©aDl>»©kOCO©©ODCC 

•   ••••••••••••• 

tH©oot»©^aococota^co^© 


00  too 

m 

CD 


SrHOD 
COS>> 


t>>COACO 


CI  CO 


|a 


co©c»i^^co© 


a 
•-a 


QOrHr*© 
^  kO  **  kO 


*  V  V 

qo©  fi^ 

^  kO  kO 


d-^t^Nooii^aoo^rHkoe^iCi*- 
oi  r^  "^  k!::  QD  CO  cp  ifj  kO  T*  oj  •^  oJ  sj 


0)COt^ 


CO 


00  CO  CI  OD 

CO  eo  CO  CO 


fl 
o 

eS 


'a 

a 
a 

fl 
o 
O 


a 
o 


s 


»4 

I. 


if 


^  ►  5;  .-^^  IS  -M  0 


»4 

o 


.^fc?S3 


•  £ 

-♦a  "3 


O 

P     'I 
.*  "^  o 


c8  «  rt 


0}  d 


P 
o 


►  ;5 
«  CQ  CO  OQ  H  k  l>  l>  fl 

'3 


eSoe6oae8aS,<uoo^(HOOKl^<Sc:p0 

c3 


•S3 

®     5 

«8  O  S  <B 


REPORT   OP   THE   CHIEP  SIGNAL   OPPiCER. 


421 


t^CDifi'V        QiCCOi 


& 


95 CO  CO      Oii^  OD 


OOc*XTfCi<0'^ 


^T  ''J'  ^T 


'«1'.'»  ^  ^ 


OiO^Oi 


^'    ^*   ^J* 


'Vi-<i-«Oia>»HCOCO«-i"^C4l>.O>OS0D 


*y  «^  TT  •■f  ^  ^  ^  IQ  ^  ^  ^  kfl  ^  ^  ^ 


CO  CD  r*  ^  ©I  !>• 


CO0*kOCO  -NO* 

^V   ^9*   ^Hr   ^^   ^*  ^^ 


—  ;o  00  o  lO'sc  X  c^  CO 


cDOiH«(»aotoi>ocO'«j'X05'*»ao3iC*ao    ^ 


?OCOCOCO?^COCO?5CO 


2J  3  9>  l>  5^  CO  !* 


CO  00  50  CO 


CO  CO  CO  CO  ^  so  CO  CO  OO  00  70  CO  CO      o 


U3  ■V  «0  t«.  OS  "^       OitOO 


o^*H:0'^coao*H'?i 


'^x>oo)ioo)tHTf70<oao'^aD«-«cocotAot» 


t>.  lO  t>i  -v  CO  ^ 

^»  ^ll  ^1  ^y  ^y  ^^ 


©JO  -M 


^^^  ^^^r  ^^r  ^^^  ^^«  ^^r  ^^#  ^^p  ^^« 


oO'^'^c{c>i-icoo«-^r>^(>J»Hi-<c>^©«<N^ 

'^  "^  ^  ^  CO  ^  ^  ^  ^  ^  CO  ""^  'T  ^  CO  "d*  ^  "^  ^ 


t*  O  CO  C5  ©I  Ot^       OIC*lO 


r»?o»HiO(7»ao^aooi 


o»coaDiCi^co:oi^oifloioaD»flGoaD'*ift 


©»o*?cooo 

1.0  lO  lA  1.0  k/S  kO 


X  O  •£> 
"^  ^  -^ 


i?:t^r^xor*coi>.o^ 

^  T  "^  ^  iC  ^  ^  ^  ''I' 


«nftX'ai^C0l^»^iOt^X'X)«O«D'VQDt^C0CD 
^<j«  ^f  ^  ^f  ^j«  ^(|»  «^  5^  ^f  ^<  ^f  ^<  ^<j«  «i^  ^j»  ^ji  ^j<  ^^  ^f 


9 

S 


e* 

a 

& 
i 

o 

a 

3 

s 

I 


S*rr?OCO'Ji.O       *HO^0>ai»-«'^0»C05»J'?C'>»?0 
:scox«oto       «OCOCOiOu1COCO^COtbcOCOtO 


0«CO«O 


COf-*©! 

CO  CO  CO 


CO  X  ca  co.o  CO     i-i'^coa>o*o»co^'v<NcoO'* 


""tfOlf-* 


f«{»t>.l>.F»CO        ;0cOCO^<OtOCO^COCO<O>O^ 


ss^ 


^ 


3*0>to'*'-iOXO^t»iHOO>OI"^ 


CO;0COCOs0C0COCOCO^li0COCO<O^ 


xfliHOXificocoi-ii^ocMtoa^eo'^ 


wCs^COCOCO^i>COCOCOCOwCOCO 


X0X009)       Xi-lx/5 


lOxcQ^-co'« 
t*  t^  p.  t^  t*  I* 


83^ 


^ 


f-*xcO'^^oia>oi^ 


^t^iOO>(N^«-i'^"^^»OiO^l^;O<O0a0IX 


Sr^  It  Oi  Oi  3>  O  *^  OQ 
X  ;0  QO  CO  ^  (^  CO  CO 


o  x  X  cft  X  X  X  o  nr  ci  0*  ©»  OJ  o  CO  o  o  a  o>    o 
t»cocococo«525»>»co-^t*i>«ot^coi>t»cccD   ^ 


X 


eo 


X  X  O  CO       01  CO  4>- 


OiOkAplXiHOS^CO 


ifll^X 


o»©»oo 


coco 


55coScoSceS&35 


ssg 


i-OOl^OXO»W^O(NCO"^'<*«CNC«    "S 

p 


t^J>.C0«J^XCiOX0ii5  0i0iXX 
COcOCOCOvOCOCOC^wCOCOfiOCOCOCO 


CO 


CO»-^OiO       xco  -^ 


Oi'-I 

ir;co 


S  — coco 
co;f    ' 


;oco 


cO"^cocooi^t>iCOcocaciOiX 

l»0)0)OXO»90CCO)«-iAt> 
kO&OiA:OuOiOCO^iOiOCOiOiO 


TH'«J«Oi-iC02*uOOiX0500COOifH^      a 

o  e  O  i-«  o  •-•  •    C0O^r«.0>QQQ 

COCOCOCOCOCOCOCOCOCOuOtr^COCOCO 


CO 


O  t^COCO       x^x 


X^^XC0C0C0^O0«0)C0(?li0>M-<i>OXlAfr«Ol»<-4roC0C0fHC0X 


s 


<?»  0»  CO        X  IV  o 

lO  ifS  lO       ^'^xfi 


"«1•r^co^^cdc>^^^«^uoxx^^o>ce«o^^co^^^^XlftO^>xctco'^r^^«^   S 

^3*  ^^  ^*  ^T  ^'  ^'  ^'  ^^  'fl'  ^J*  'J'  ^^  ^S*  ^1*  ^*  ^'  'ff'  ^f  'n'  ^'  ^'  ift  ^1*  ^^  '^  ^f  ^J*  'V  ^f     f^ 


'3 

a 

eg 


a 


o 
o 


CO 


'?I^^OO:0O^•OC0OO'^OOX0>C00»9tC0C0O'«C0AOk.0^-'^ 


•  • 
CO 
CO 


0)0«^X        COCOOCOCOOXXXOI.'OOXkOt«CO'<t'<4<OCOOCOCOOO>C40'<0*^OOr-IO      !S 


COCOCO       eOCO©*C0COC0COCOCOC0C0COC0©)(7IO<C0CO©IC0COC00'3C0O«COC0009ICOCOCOCO 


's  s  ©  o  o  o  2  a  a 


§13-3 

coS>2'e^ 

.,4a  "^  i-H  — •  .— « 


,-iO*=2 

♦^    c^    Lrf     ^ 


Sr-^.  "*    *^^    **^  ^^       ^    m^       B  Mart   *h4 

a  oJ=^,S  o  M  ee  69.4  o  o  o 


rlS^P^Td'a 


> 


^  a  s 


08  ^> 


OS 

0 

4i9 


-.'  g  o  ►-  5  "^ 

O  O   S  9  •-• 


oB.T-.iSo  mIS  i-©OflB0B«)O  Q 


<»c^ 


1 

o 
p. 

s 

o 

4) 

B 

o 

i 

.a 

B 

d 

a 
*S 


o  o 


422 


REPORT   OF   THE   CHIEF   SIGNAL   OFFICER. 


a 
p 
p 

p 
< 


«  tf>Q0iHO»-( 


^QO  X  0>  Oi  X* 
^(  i^^  1^  ^j»  ^^  ^ji 


0>^X>l'»aD©«©T)r-li.'3 


Q 


c»Oso©»'^^^C3Dr*acicotHaoQOo>© 

sg  js  jsE  S  fc  52  s'  3J  ss  li  s^  i2  ;:^  s  ^  si  s 


iS^O^f-th-CCODi^lftCO 


CO  9« 


^ 


cox 


ooDOXOiaoocooooicd'^     oteo 
CO  A 03  n  ^  A  c9  CO  n  r5  CO  A      n^ 


► 

^ 


COiO^l^00diiOTHCOkr?7)«-it«COCOaDr-l 

CM??'-«3>iccaQW5pcncoiO!NTH©<»o%'«o 


^P  ^"  ^9* 


^1  ^^  ^»  i^  «qi  ^^ 


'•f  *T  c? 


CO -^  C< '^  »A  CO  eO  CO  CO  CO  O  GO   o«o> 


•2 

o 

I 

H 


C9 

o 


ocoi^o«i^coxo-«;occc)iHCOOi-i  co* 


0>  t«  A  CO  C4  Ot  90  O  OD  t>i  i6  O   ^O 


^C0CCXt»C0O9IQ0a0OCDt^CCr-li0O 


!33 


■a 


o)  o  X  c<)  *£  ^  co<o  fiaOiQifDcoiayin 


wCOtOCOO^COSCCCO^OCOCOCOiA'O 


cooxcoo-«aiioco'^r«ioao 
coSccc6&cocoSSioScO 


■       • 

coco 


bD 


x^ws^-^-^co^oiow^o-^ois^iox 


'«coioco^a>aooa>coo»to .   ovh 


CCCOCO^:0;CCCCDsOCSCOCOCOCOC£s£^ 


CD  r<«  o  OD  »^  CO  ;a  CO  X  c^  \Q  CO     ooa 

<0  ^  f««  CO  COCOCO  ^  ^  CO  CO®       9<S 


o 

CD 


'3 


COCOCOiaC40C090^SO*-4t»if3  0040 


ookoeo^coo^ot^ocoo     oe* 


coco;ocococo;ocsr«(ocecoc^cbcococo 


SS^?S8SSf:&S?^   S«: 


0 

a 
•-a 


o 


COI^X"«1'iOCC5»»r-«'^OiOOIWXOO 


^kOT-ioio^coaoiookOot     ms* 


c6cotocococSwcdc6cocoScor^i^^cd 


^co?^t»S*^SSSS@S    ss 


< 
is 

s 

H 

o 

o 

« 

< 


s 


WCO-^S*  XC4 


X  t^OS  T    X© 
lA  k/d  iO  kA  U)  CO 


OiOli-i'^^CO 


in  CO  CO  :£  CO  r« 


(NCiiH-HC50i'^l»(NO 


COtHOOOtCOOCOO'^iHO       '}«X 


CO  L-  iO  lA  CO  uO  CD  LA  lO 


coi?)coco»OiOiOcocoS5^co 


to? 


^0)'^;0i00im«4<C0OiAC0^0ll«t«XC0i0i0C*i^aD       ^o 


rfxoco;ooixX'^ifd?oo>xa)0>t^r«ccxa»t^t^t^      ^<o 


©»»-•«  0»5» 


^cocoiHi^c9coco7)coeoeooO'^QOh»^cocoo300     eoo 


«>9«  50  CO  CO  •>*  ifi 

CO  C^  ^  CC  00  7> 


cocostcococopococosocooococofiococococococOTOco     coco 


lA  t^  O)  X  O  lA 


©r>»oit»^cooo)co^ocoocoocooxxcteo:oaD     to*-* 


©  cc  CO  -^cc  2* 

(M*  04  04  0*1  (N  iS4 


oi^cic^SotSS^SS^&SoJciSSciSSSS^mSt    S8« 


p 

c9 
•-a 


»oo»co©  *>-kO 


*«.©«'•  CO  i^-xcoooroh-oooicqtHiO^coo-^i^WtH     et© 


ft  CO  iH  ?o  CO  r: 

Of  CO  CO  CO  CO  CO 


co^Soco  weoft  rt$5  V5Sco«SwSS?c5cowwS«     88 


ao 

o 

'•? 

OS 


3 


oeac9c8«©4>ooj:'MCoodoo****t^»i?r 


teg? 

3 


EEPOBt   Of   tHE   CHIEF  StGNAt   OPFJCEB. 


42^ 


ki»  et  CO  O  ti>  t>>  CO 

■       ■••••• 

^  ""T  ^  C.  ^  "V  ^ 


•  •••••_•••••• 

"^  V  ^  ^  ^  ^  CO  ^  ^  ^  ^  ^ 
I.  n,    I 


•       •       ■ 


^^^P   ^^^^   ^^^r   ^^^r   ^^^^    ^^^T    ^^B     ^^^1     ^^^r 


•  «■••• 
'd*  «0  !>•  CO  tH  h. 
^^  ^P  ^^  ^3*  ^P  *9' 
I   .11    i 


W  50 -^  00 -^  »  0» 
^  CO  CO  Ot  PS  CO  ^ 


u3'^coco'«-<ai0)ioo<«fQieoooiHot 

^' S^' ^' £;' )S^  S^' ^*  SS  SS' S$  S^  56  ^' JC;  SS  ^' 

CO  CQ  CO  CQ  CO  CO9ICQC0CQCOC0C000C0CO 


cOfHco;oo)aooo(or»o)«^oikOOkO 
«fe88SJe5coSSS?5$o«cS88 


O  A  CO  O  0)  CO  ^ 


COC3aikOCD3)(OI^CC9(fHlOC0'<iaOOI 


t«ooo>cot%coaoco«H^xcD009ao 


eococoSS  feS 


CO  CO  CQ  CO  CQ  COCOCOCOOQ^OOOOCOOO 


0O0OCOCO0OCOCOCOCOCO7O  C7CQ  CO  CO 


lOOOtOOlO 


C0^0)'^OrHi^C0t^0i0»0)a)0«C0A 


COOO^lOOiHOCO 


CO  (N  lO  CO  t^  «<t 

»H^t0l5©<O 
^  ^  ^  CO  CO  ^ 


22212  Stasa 

^T  ^^  'v  py  CO  ^  ^ 


i03(M'^g>cD50'^eiiHxoo'*»oocD 

'V^^^CO^CO^^^^^'*!'^'*^ 


^  ^  ^  CO  Tf  CO  ^  ^  ^ 


<^  O)  lO  t^  iH  CO  01 


kOOcoo>ao^•cooc0'£OTH«-lO9-«i^ 


lOiACOO>CO00«HC4C0 


COS>)kOr^OI^ 

SScoioSS 


coSsSkoSSS 


CDvAiCkACOubcOiOkOCOUdtOCOScO 


iOCO(Ou0^l25iOCOCD 


O  t»iHO&0«<rfO 


OOlO-^iHOIQ)COCO'^iHCOOO)kO«-ia) 

@co^^-o^cococolococo^•^t^@ 


Ot^'^^OOCiiOCOCOOlO^X^l^OI 


•       •       •       •       • 


oaDiOiMoaoor*cocccoQO(]oi><«toir«\eiOTH 

•   ••■•••■•••••••••••a 

co^o»5»QT^(Nio»HiHt*oai^aQcoO'«fcoo>aD 

CDCOt^COC0Ot*COi>r«COCOCOCOCOl>COCOCOCO 


^  CO  CO 

■       •       • 


OOC0G>IC0C«i-4'^Q0-«OOt^e«'q'0) 
Coih^COCOCOCoSnt^COCOCOCO  CO  CO  @ 


cocoaoeo^t^0940cooaDi^ioio:oo)aoooo 


COt^QO 


^^COlOOCOCOOOiO) 

•       •••••••• 

aDeoi>*cr>5ico^co»H 

^COOOCCiAlOXCO 


oo  t^oooet 

•        •        •        a        •       • 

Q  OS*-;  cot*  CO 
«>  to  CO  »3  ^w  CO 


o^coiHo^coaooooc&-^'«oiaou3Q«r»tOQO'^ 

■   ■••••■•••*•••  _  •   •   •  »       •   • 

«-io^coaoaou30k^cot<«eococ4cocot^fHo>cOkA 


COO)  CO 


ss** 


dtxaoovioodocpiQ 


ceco^iOr-iet 

•       ••■•* 

SQ«ceiot»cp 
VO  lA  kO^  ul 


CO^COfHb-COOOlOOOaDOOCOOXOCOO 

•   •••«••••■••■•••  _•  .  •   •   • 

0«OT»5i-<^'^TH»0aDC0^Oi0CCC0®0»'*00 
^^^CO^^^^^'^^^^^CO^CO'^T^ 


iMOicovHQocO'^aoaovHkOcoo 

•       ••••••••••a* 

coe^coiocoyDO'^'^oocDco 

^^^^    ^^^1     ^^^^   ^^^r    ^^^^    ^^r    ^^^^   ^^J^    ^^^^   ^^B^    ^^^r    ^^^^    ^^^r 


CO  ^  «^  »-•  OJ  »o 


o^oaoo>09^QCQot^cot^'^eoeo^cor^ott^ 

•       J       •       •    _»      _«       »       •      _«  __J       •       »       •       •  ^»  ^   •       »   _«       •  _^ 

CdCOwGtCOCOnOOCQpScOCQCOCODICO^OfCOCO 


t^'^^kOOOCOkOCOXOCOOOOlO^-^O^O 

cbodncocopocccocoo$nncos4coooooco  90co 


kOl^tOiOt<*OaOiOO)'^t>*kOt^COiAkOkOvHCOt» 

«■■••••■■••••  _•  _•  _• 

cooioooo-^aooiAco^cot^voaoo 


■       •       •       •   ___•       • 

OOO  coot  00  00 


tHio^-^'^iaoaDocokOfHfHcd 
QOcoo)coir:a)0)0)iAt»oo»kO 


co^coooioo 

•       •        ■       •       •       • 

•MOa  OD^  »-<  Oi 


lA<«iOaDO>t«09COir9oCOOr-«:00)^OOOOIOt 

SSSSeiSSSS^^SSsKoiSSSSoiot 


QDi^OOt^r-ICO^OOjOaOOCO 

•       •       •       »    ^       •       •       «       ♦       •  _^       •      • 

04^8S(mSoIS^o)oi8o< 


•^OOOtHO* 

si  §i  si  Iff  sis 


o 

a 


o 


feS  ®  2.2 
«-S'-Sfc3^  «3  a  ^ 


9^ 

o 


Ul. 


i  is  3  Sa  §  §?i"  a  S-S  n  i  i  2-?!  o  e  »  - 


.2 -a 


d  8 
roQH 


«e  d  4^^ 


a  G 


«  d  ea'C  »  >:=:  O  O  O  C  eS^  h  S  S  d^ 


424 


REPORT   OP  THE   CHIEF  SIGNili   OFFICER. 


r 
■ 


e8 

a 


"S 

s 
4 


o 


o 


9 
GO 


•o 

H 

H 

H 


•J 

•< 
P 


H 
O 

o 

CQ 


s 


s 
•-a 


s 
►-a 


04 


^ 


.0 


0 

•-a 


CO 

0 
O 


O)i^co;0p3iOtO^ 

•        •        •        •        «'•        •        • 
^1  ^f  ^t  ^J*  ^f  ^f  *^  ^1 


oQooao<oeoo^k0;oo>ooico«-4aDr^cocot^^» 


^SS  3?  58  ^  ^  t;  »^  S  3;  2  fc  fc  te  28  S  S  fc ;« J5  JS  SR 


CCC0 


ec^««0"^ 


70  CQ  CS  9Q  CO 


U 


i>»OJTH'*oji'«o«^.oiot>»<0'^«i-'^;ooo»HaDaDt*ooco» 


^CO^Mw^COCOC'SnCOCOCCCl^CQCOC^AC'STOCQCCCOPvCC 


OC4i^C9C)iAOOO;OC4^QOC4(0«HCOO9(-<ai?OO9v-«aOOItO-ViO 


o««i-i50««r^'<9'«  'a'cooiCi^io^i/iaDifttpic^coi-*'*^:© 


S$$ 


^^eio>c»r^^*-«ao'vo>'*oje»o?HfHC*'*oo>0'^©ot*®<o 


-V«0i-«Ql>.^00C*C0lftQ»HO'^XOXt*©aDOC»»t»0»0iOOS5 
COi5^iOiAC0iA3StAiO$;OCOkAinOiACO*-CLr3^COt0COfc.';cOC0<O 


eo*-iOieoicccx>cor**-ii^  -^  ©  »H?occoio©ococc«ot>i«co<x« 


^co  i>*  ©  M  X  ««r  ag  ^  ""r  7-  T  i^*  w  ir:  u'i  t*  t  ^.  cj 
co©t^^v©^co<»cou;;©©coco:o©co:0 


l^  f^  X  1.5  «^  lO  0» 


:oxcoco 


» 


■         •        •       • 

OOQOCOX 


^®**»H 


connn 


t«:D©9 


CO  CO  C*3  CO 


©CC^O 


CD^S«« 


^00 


»-^  »-«  O  1^ 
CD«©0 


Scci&cD 


eocoioxt^?H'«i'?*ox?o-^©io©»'NO>x^o>©©c*xxe*fH©<^i»«o9»»o© 
c*  «o  ©  c^  •«;?  i-J  Tp  ©'  fi  uc  p  ©  o  «>.*  '^»  1.5  'r  -h  ^J  ?i*  10  »>.*  oi  x  li  30  ©'  o»  ©  ©*  t  *  o»  © 


««0«o©«oe»'*©u'5»-'v«o©i.O'*^tc»/:oi»-*^©o»"^:o 


•    •    • 


CD  o  ^  CO  to  ;o  ;o  '£  lA  o  '^  ;s  ;0  ir:)  «o  u:  uS  (O  ^  4..  u;  <0  X  CO  «D 


045O«C«5O»^l>.©'N©iO'^X©C0X(N»^'^«*©G«XOa© 


©*«-^0©^©i-iiO 

•  ••••■•• 


C0  3«©  ©i^CCtOCO 
o       «••■•■■• 

co'^►^r:■«©^cp-< 

oocctocococococo 


^©CO<?»COCOt>."^ 


t'3»-IXir5X©CCW 

»        •        •        • •        •        •        « 


0 

0 

0 

o 


0 

o 


CO 


Sp/^' 


>  w  a  =  ':3  a 


S  »-4 


COX©C0  1»0<>»©»©©rr-9"^XX 

•         ••••■••••••••■a 

r>.cO'OCOOr:^>CiX  ?oc«-*X"^cc-^ 


C0COCOC05*C0WC?C0C0OilCOC0 


a5r>-'5»©3*oi^x-H»>H!j»©»-^ 

•         •         • •         •■«•••••• 

XSit^XCiCOI>»'-*J^kG©r»X 


iox:0X©iou5r5co<Ncoe«Oi 


"  -^  C  iK  !«  —  _e 


occ 

•         • 

coco 


»H© 

XX* 


©  ^ 


«  2 


CO  lO  ^  X  01  9^  t* 

•        •        •        •        •       •       • 

^C»CO  5  o  co^ 

CO  ?0  CO  CO  CO  QD  © 


CirM  ,-i©^ei© 


to  lO  «^  X -v  cc  i^ 

lO  kO  kO  lO  kO  lO  o 


cocox©©©^ 

CO  ^  'it  cc  CO  L*;  t- 


^  CO  so  COC4  C4  0 

(n  CO  CO  n  M  CO  A 


^  lO  s:  9i  CO  ©  o 

•        •        •        •        •        •       « 

iA  X  f^  O^  QO  X  © 


CO^COCD^^© 


&  es  cs  09  .iPzi  :;::0S2^8Stfdoi«se99ec3es.Soooo:s.S> 


^0 

«  «  o 


0 

i-s 


REPOKT   OP   THE   CHIEF   SIGNAL   OPPICEB. 


425 


,        r^      r— 1      1— If— 1      1— »                  r— 1 

J 

.    •                         1— •      •       . 

'    •  Oi  ^  <ao  ;o  •*  ""a"^  i^ 

^ 

'(MOO"^     I  In.  X)  CO  i-«  O  CO 

I  "^  *^>  ^f  ^f  ^f  ^f  ^f  '(J*  ^9"  ^j»  Tj*  ^^»  ^j*  ^'  '^j*  ^j* 

'     '  O  US  "^  CO  35  00  Ift  i.a     1 
• -V '«1"V  ^  CO  05 '«f  T     < 

•                                                                   1 
t                                                                   I 

** 

O '-t  ^*    »C>S^"^trttr 

■ 
• 

OJ  «0  t^  1^  5*  CO  i-«  CD  l>     ' 

>  CO  00  ococ^oo)ioao^<o;o 

t>-'rpowoaoCii>Oi5»Oi^'«t©iQDO>eo 

1 1-4  O  O^C*  O  CO  so  1-I  O     ' 

Q«OQO^CCiACOOOCOtOO> 

i  =  2i  2g  SS  5?  ji  $S  SB  i2  ja  SS 

jSSSwSiSSSS 

ig$sss'ss;s^'s;3$^'s3* 

QO»-<50COeOt^OIO>i-lTHi-i^ 

C«aOQOOOO^COQOCO«-4 

•0«90COOlOCOfH'^QOeOQ«CO 

cc  oioS^DSoScbSSSSS&dSvoS 

s 

'  CO  ^  00  ©  00  c^  1-1 00  q>    < 

>iA  to  O  coo  lO  iO  id  lO     < 

'idSSSioSSkoSSSto 

o:oi-i<^o)udoo)0)aooo)t^toiHO) 
S^^Sco®^wcococoSwSSco 


XO)QOOiAOt^OOiOQOOO)'^<0000'^^OIf-l»«iOiO 

t«t%<£>t*<»ococoi»t«c>cot«cocoi>>^toa59t«t»co 


COOi-iOWO'^t^.iO'^r-IQDOOOM't* 

•        •        •     _•        ■        •        m        4        •        •        »        •        •        •        *        • 

c8@P^S@SSnScSeocolot^i^t^ 


o 


r*i>»i>»cocot<"fr»<ot» 


ooeoo«^t^OkO«Hoto 

aA  jj-f  ^k*    — *        •    __»     _»        •        •        • 


OQOaDC«^UdCOkOQQaD<4*^0)idCOO  CD 

•   ••••••••«••••••  • 

Oi  ^O  l>»ft^Q4QC>0>*H  »-^  t>i  coco  ^  1 

kO  tA  CO  kd  S5  CO  CO-QS  kO  to  CO  CO  lA  CO  CO  CO  w 


iOO>coo)-<a*coiO'^oa) 

■        «•«■••••• 

tOCOCOCOCOCOCOCOCOQ^ 


SS3 


THOot^coeooo 

•    .  _•  _  J        •        •        • 


QD'««j»»oo>QO»*o>eoi^ior^»aDU50!?j'^     oo 

S-51  OD  •«•  »-•  00  ^  "^  t» -*  Q  eo  CO  ©  OD  CD  CO       CO 


00COiHeOCO  =  !349>CO© 
0dt^CO0»3^C*t^iQ'*CD 


©COO) 


CO  CO  0)00©^ 

to  ^  o  to  2s  kO 


tococococoaococooi^©coo)©i-<ao©     co 

•   •••••••••••••■•a       • 

CO  ©*  00  80  ♦- ©  to  CO  CO  CO  CO  O*  <>*  ©  to  ""I*  CO   l> 


QO'^COOOOOCOCOOO©'^ 

•       »••••   *  •       •       • 

©QO©20iC2e)©cooo 

^J*  ^^  ^  ^*  ^l»  ^^  1I»  ^J»  ^(l»  Tf 


OtOD© 

■^«  ^J"  ^' 


COOIt^^lOOO 


CO 


In.  t^ODO) 

^1  ^f  ^J*  ^f 


fHtococoi>to©ct^©?orf  toao©©     o> 
CO  Qf  CO  CO  oi  CO  CO  n  CO  Co  CO  CO  CO  CO  CO  CO     co 


<-4co©^-cOf-«ooo>coo 
S?  5S  5$(  3C  ^  S  ^  58  S  ^ 

COCQCOCOCOCQCOCOCOCO 


COt>*  9) 


(Ml?:! 

coco 


COOI^O^CO-^ 


G>l©©«HtO©tOC0C0©kOiHC0©0)©tO 

•       •  •       •       •       •       •       •  ^»       •_••■•       <»       •       • 

a09l©COCOC^tO-«XC0CDCO^TfO)O>«H 

i^i-4i-t«HlH         lH  »H  |i^  ^-«  »-•  *H  iM  »H  »H  fH  01 


00©OiO«iH©COTf«^ 

•        ••••■•••• 

oo©tO'^eoTHi-<co»© 

iH  ^^  I— I^H  *-(  t-^ 


tO©CO 

•       •       • 


'« 


•^ 'V 1-1 1^  51  © 

f^iHtH  Oi©CO 


00i->©OI«'^tO©©tO©C0X^COCOO> 


<:o<Mco©cocoooaocDT-i 

©OS00Ci-^i-lO5'©t»00 


00  33  tO 

•        •        • 


0>Ol^iO(Jif^ 

•        ••••■ 

Q««H©  lo©  :o 

THfH05*H5l 


1 


-eis 


2Q2 


o 

a 


a  cJw-S.?  g  >  i  i-3.2pq  I  2  2  :;  s 


be  o  ^  *a  na  S 

OS 


> 

el 


a  fl 

e8  (3 


3 


QlftSaoooaoaQQOQQH  H  H  >  1^  J^  1^ 


00    « 

ao* 


a 
o 

So 

a 


eja  a 


a 

cS 

Q 

CD  9 
tie  O  ^ 

bOo.Bl^ 


cOf^ 


p* 


[i!< 


^'i'Ss^^  o-i  O.S  0-  g  2  oQO  aS 
o  a  §-  «  «  g  2  2  d  S  ^  2-2  g  «.  §  c 


ti  ^  c8  O  M  e8  5  ©,2.2 


.23 


§2 
"  o 


•s 


I 
I 

:c8 


a 


^^  '^  ^3 
O    lid    (L 

P  O  o 


g?a3^J 


#.2-§ 


«♦»•*» 


SS^OPkPHMPEJ^S 


^ 


426 


EEPOET  OP  THE  CHIEF   SIGNAL  OFPICEK. 


0 

4 


s 


«0 


CO 


CO 


fe"* 


ce 


coo*-' 

SS«o 


iHOx;oeo'^coeoeo 


CO 


lOeooeoo^QO 

•       •       •    •       •       •       • 


OCOOI 

•       •       • 

ioS3^ 


Qooao 

•        •        • 

oaoiTD 

ocbio 


o 
525 


o>  00  ^  ^  « CD  « CO  *o  fi  t>» « to  CO  00  "^  r* 
Qoa)op>eoTHO^eoco«HotcokOi>«c«io«-4 

^■V»0'<'iOk0^tO»S»OiO'^^«*»OiOiO 


CO&OCO^O) 

•       •       •       •       • 


eocNt^o-^coooo^ 

OIOOCOO)«-4«-iOO> 
tf3idk<^u3^iO*OtA^ 


£ 


H 

5 


o 

00 

H 

« 

Eh 
N 

:€ 

R 

H 

o 

o 

3 


o 


ir>0)O 

KO<bco 


to«<taocoot70'<to«aoi^oi>oo 

•   •••••••••••• 

C0lOC0COC0COvCOC0$0>OC0 


fHOODCO 


lAODCO 

««>co 


GO  00 


^9)  cool  too 

ioSSSSo 


P4 


ODi-i 


S 


OCOOtO)iOCOCO^CO0)9)<OO 

M^o^kAoniocicoOiOioeo 


•    •    •    ■ 


gK 


CO'^COCOOO 

•        ••••■ 


bfl 


<«coo« 


oooiOciooxooAcocoioo 


CO 


|: 


?SR 


^OOOIO^ 

•        ■•••• 

i"*  »v  1^.  r*  ««• 


e 


a 
•-a 


l><N»CO*H'S«5«l^'«*COO«Oe«0'»OliCT«CO<NQO©»000»0 

S(z>QDt>>(»z)<<»aoxaoSaDS5oaoKSxSoaoaodoSGoSao 


iHO»OXOC« 

•        •       «       •       •       • 

SQO^  OXQ 


a 
a 
•-a 


<3 


coocoo)o<>»oec«H^'vt^ot^coiHC«eoooo^coxox 


e^c09aDO*<-ixoioxco^^i^-vco<q<kOi>«o-t»ot^C)co 


•        •        •       _»       •       • 

f*  CC  l«»  ^  lO  ^ 


la  Qi  ^  Oi  ;q  io  Qi -^ 

•       •       •       •       •       •       •       ■ 


OiHCO 


1^ 

CO 


kAioooi«Hr*^Qoaot^oit«coo)eoxQ« 

•   •••••••••••«  •   •   •   • 

8eoooc&ooa>oQOi-io»ooOt-<<j4*-* 
r£i^coi^r*©cot^t^t*^»t>»t-t*i^r* 


•        %        •        •       •       • 

K  «5  1^  t»  CO  CO 


CO 


o 

CO 


Xi-(N 

8^S 


CO 


»-iO 

•  • 

coco 


kOCt^ 


coco 


el 


■^o 


9j 


X 


e^xcoco 

•       •       ••     • 

SI^OCO 


CO 

»8 


»0I 


XOC0 


s 


A 

£ 


ooo 


kO 
X 


9 


'^i^oei 

•      •      •      ■ 

^kOlOiA 


eocoot 

•       •       • 


•      •      ■ 


p 


o 

X* 


o 

i6 


XkAOl^ 

•  -^*     •     • 

^^»o^ 


6« 


^ 

« 


eoo«-i 

•   •   • 


lOCtOO 

•      •     • 


flO 

a 
o 

■•§ 


9 

o 

'ci 

S*  c  «^  • 
8 


-•  eS 


0 


^2o 


tCbD 

a  c 


o 

OD 


P  >.  .^  ^.2  ® 


oEoo'^«£««oo§ortao  o  o  «  «  «  rtjic 


■^4  &c 


■<—  o 
^  «  2 

:S  3>  O 


c 
o 
« 


S 


■n 


■    mruf  ^  ji 


REPORT  OP  THE  CHIEF  SIGNAL  OFFICER. 


427 


Oil  00 

S3 


■^     tOOt^OOO0b:)^9QQOOr«OCO 

•        (••••••••••■a* 


•     «     • 


Ot^QO 


ird 


»k9«o 


o 

s 


00 


cc^ 


35     ■*'* 


COa>^^   eO  kO  ^  04  fH  CO  ^  *-4 1>  O  0)  r- ^  O  0>  91  *^  CO  «-«  00  C3d  CP  CD 


00"*^ 


QOkA^HCO^ 


99«M<r,(]D<*OiO«k09Cr«I^OX»iO<DC)rN.COC&OaDCOCDiHO)Cj*-'^ 


^«  ^1  ^1 


«HC4iAkA<N 

o  u;  ^  ^lO 


c»?»toO     eococob»^QOO^(Daoooaoo«-ioaDO)Oooo^OD 


^CD&O 


o<ot«o>o     eoo 


"fl"  ^  CQ  CQ  ^ 


S* 


o* 


99  O)  toO       -^kO 

•     ■     •     •        __•     • 

S^SS     lata 


0>l^kAO«-il^O>k0^aor«kA9l*HOt» 


s 


kOkAkOkSkOkOOkOOkfiiAkb 


t>>  CO  O  fH  fH  O)  O 


kO 


!SS 


kO 


S-^co 
kOkO 


COt^OOO)      oo 

•       •       •       •       •  •       • 

^  kO  kA  lO       ^  ^ 


kOCOO^O  OOtH 

•        •        •        •  a        • 

kfteojrco  ^« 

t*  t*l*r*  cow 


CO 

« 

r-i 

o 


a0J0aDl0Q0^C0k0t«-<i0)0)9)O9lt*0)0)k0Oi-iO 


a       •  __a 


CO       kOiM 


& 


CO  CO 
kAiA 


CO  CO  CO  r« 

g'SS'fc' 


eo 


01 

■ 


kOO)0«-40)OOe09ie>OQ«0)0) 

•       •   _  J       •       •   __a       a       a       a       a        •       a       • 


01  r*  CO  ©I  »-*  CO  "^t -^ 

t*  CO  t*  !-•  **  «^ 


t*  r»  »>•  CO  t^  i>  t* 


a  a       a       •       a       a       a       a 

kO  o  CO  20  kp  kO -^  r^ 
r*  c*  t>»  t- *•  t*  r*  r» 


•-•       0004 


n 


•  CO 


S-3 


W^GtCO 


CO 


t^aCOW^oooaoowr^eoo^iH 

COOOkOkOkOCOCOt^ODkOOOgO 


kOO^ 

•       •       • 

t*  r*QD 


OOvHQO 


0>i^ 

a       • 

COCO 


•       • 

coco 


COiOOO 

a        a        a        • 

r^oDtOiO 


CO 


kO 

« 

o 


)^00aD^kO'ykOG0CO<^0>lOCO 

SSSSSS'S^';:SC:SS 


c^t^co 

—  *       •       ■ 

ococp 


COOOktft^OO'^i 

_•        a        a     ,  a       a       a       a 

O  O  00  O  Q>  ^  0> 
t«  1^  t^  »«  CO  CO  CO 


ko     a»o 


854 


CO 


090coao 


00 

a 

CO 


OXO^9t<-iC0O9t90a0Q0l0G0'<i 

a  ^a        a    _  _a        «   _^    _  j        a   ^_a   ^  ji        a        a   ^^    _  J        a 

^^coS^SSSco^cococococo^ 


«^coG9oaoaoi^coQO 


83 


CO  fl»  CO     - 

CO  CO  CO  CO 


1-4       oo 


g 


kft  la 


coo 

•       a 

t»CQ 

CO® 


3 


9)oiaDXf-4aieooo>kOcoxaD«-«i^ 

•         •■•«•■    ^m        ■■•••*• 

9^COt^OkO^^O^lACOOOCOkA<M 
kOkOkOkOiOkOkOCOkOkQkOkOkOkOkO 


GO  1-1^ 

•        •        « 

kOkOkO 


or*  t«oo) 

■        •        «    _  •        • 

kA  kO  kOkn  kA 


eo 

kO 


00 


kS  ■*«•• 

oo 
^i5 


cot» 


00 


OOtX^3Da09)COO*-iCO'<iOOCOO)«0> 

eo( 

?1" 


OOOOkOkOGC«-4CO^aDQbkACOOICO^O 


'*aOt*COOCOkOfH»-^3« 
t^OO^iO^COCOOOt^CO 


■^co 


^  ^?i 


^00 

oo<t 


00 


O  00  CO  ««•  lA  00  O  C9  *-l  CO  Cq  kO  kO  CO  CO -<•  00  O     t-^kAt^Oi^OOOOOCO 


^91  COOP 

•       m  a       ■ 

lA  -M  !>•  f-^ 

9lC0  ^(54 


eoo 

•       a 


o 

kA 


oocooor*o«?i^ookAOO*co^ooi^o»^oo'^Oi-<ao*-*cor*kA 
8S8cocOwcoS9ico8co«cv»"(53wS"vco©»SS5coScort«8 


kAOlO       ODQO 

00  kA  QQ       O  ^' 
OOOCO  »H 


g 


00 

2q 


g«2 


^pu  g 


eS 
PQ 


0» 


§ 


t 

a 

a 

2, 


d 

MWWH3S>^S5000PHQOCQaoaDQQa3co|>t>l>-t2 

o 


2  S-c  .  _.  ..-5  fe  S  5  «  *?  s 


O    00 

at 

e8  p 


F. 


428 


REPORT   OF   THE    CHIEF   SIGNAL   OFFICER. 


0 
P 


O 
9 

Q 


CDkA 


Q   ^<OCPkA 


OiCOO 


^  ^  ^^ 


la 


kAX 


*«•« 
^  ^ 


oo 


OD 


s 


fiDOOO 


;oo^eoo)o<^oDc>«oocooo     to  o)  tA  r-i  <^  ^  cc  O) 


oSs;ssss^ss»si$s  ^sfi^a^^iH 


o«  l«  O  00  A  CO 


oooo;Dooi 


oico^co  woo 


OI9I 


■^  ^  5a 


CC  90  CO 


> 

o 

S5 


e«ao«0'*OQO«>.€0'^^r^ooo     »-• -n  «  ^  eo  ?c  oo  :o 


O  OtrHiH-^O 


»^*MO 


COCOfiC(N(NOO^OOQIOOC<tCOO«        OOtfOOO'NCOvlCOOO 


SSSo« 


85" 


CO 


00  2*00 
co55?o 


«> 

0 

a 

•♦a 
§ 


o 

H 


O 

O 


tD  OD  OD  »H  Oi  "^  i«  »l  o  r*  "^ -^  o       occco 


00  r; 


00C*l>O 


o*H  aocoo^ 


»OiMco 


uS  ^  uS  to 


©•QOOt^i— X> 
^  lO  kO  lA  lO  ^ 


4A  too 


9 
QQ 


kO-^^osooiAOoioowirixoo 

lA  lA 


«000»ffO©lkA^O«-*OT^0>OC0*«- 


co9r« 


°ioiAu5iA^OiA*A»AifttA 


q>OJ«|0«o»iii»-oo^25^>€23DaDc> 
igiACOkAOkA:&X;gtACO«kAiAiA 


CSO  V 


& 

< 


o 

s 

D 

OS 

H 


H 

Z 

o 

c 

9 


'3 


0 
0 


*-liAiAi-«j^COt«»iA^©IOQD«^ 


cot>»r«)h^coSSciDS5cof^ 


ss 


coaDeo30oi;ocx>9oaO'«a)r« 
ft  <o  o>  ai  00  -rJ  »5 1^  lA  ©•  «o  on  cp  lA 


*%   gJ'^^|*Ci'-*0OCO©~*»AlA'^ 


■^  00  1^  O  •'1' lA  ^ 
CO©  — «©0*©» 

r*  t»  t*  F»  t"  t>..f* 


lA-^OCOQD*^ 
01  ''t  lA  ©'  CO 


C<XO 


S 


Rg 


^ 


•^"^©eO'MOO'«'»A«OCO»A«H©0* 


*       •        • 

■^KOO 


©o> 


;o 


CI9«iA<«t;OiAA90ao;OCO«-iO)(9 

O  A 


S&g8S8S83SSSP® 


O  CO  :C  »"<•  X  CO  .00  O  01  CO  O  01 


"  kA  lA  lA  lA  ^ 


Oi  CO  0»  O*  CO  CO  CO  © 
^tAOiAkAiOUdiA 


o»r^ 
aoco 

lACO 


©■^©© 

•     •     •     • 

cOk?5coto 


^^Q'OcO'^coeooc^ 
•    •••••••• 

lACOCOkAiAiAiAOV 


C 

^ 


CO  CO  CO  00 

•       •       •       • 

©  ©©  t^ 

lA  kA  kA  tA 


OI00  09 

•        •        • 

QDO>© 
^^lA 


0» 


coco 


kAoi^©^^o»oiadoo©ot^t« 

5»  •  •  •  -•  •  •  •  .»  •  •  ■  •  • 
o»c5"^coiA»H-^'C©©»Heoo» 
^tAiAkA^tAiA^tAkAkOiOO 


eB 


00  CO  30  d> 

«       ■       •       • 

Ci©©  lA 

fo  ^  ^o5 


*         •         • 

©0*1-1 

t^  ^T  ^' 


^ 


XX 

•        • 

CO  X 

coco 


xco 

xeo 

00  "^ 


a)i^coocooo9)oo»»i>xs» 

•      ••««•••••••• 

np^^co^^oo^cooo^co 


I 


0 

eB 
•-a 


X  ^  lA  t^ 

•         •         •         « 


o»x  ^ 


01 

3' 


Oco 
0104 


X© 


oooo»i>»!0©'^coi-ir«^C)co 
co'^»oox  —  o»2»Oif*cpa-^»H 

»HOlO*OlOJOIOIr-IO»W«-<Ote» 


x^©o 

•       ■       •        • 

o  ^coco^ 


©OO) 

•        •        • 

CO  00-^ 
0»i-«OI 


CO* 


c»x* 


CO© 


00 
Ol 


? 


iAcOr*'^O»CO0i'^0«l*©C»00 

X^ii;COT-IO*CO»ACOO»©-*C> 

f-)0ioio«o)oio)«-io«d«e«8«ei 


REPORT   OF  THE   CHlEF   SIOIUL   OFFICER. 


429 


C9 


•        •        • 

CD  0)0 


©I  »^  vH  OD  ^  04  X  •* 

•         •         • 
*M   VM   t* 

\Q  %fi  ^ 


•     ••••••• 

S«-4  00  00  <o  «-4 1-^  r^ 
lO  "^  ^  ^  - 


OO?0»HQ0i0l>.O0l»^C«O'*OC0 

2'5*«4Cie*o>or*o^r22*Oit*ia 

CQCO^WCOCOCOCO^COWWCOWCO 


•        •        •        •        •        a 

r-1  •^  X  00  »-"  O 
U)  ^  V  "^  U3  ^9 


COrHOiOiAO) 


^ 

»« 


OOGOOO 
US  ^  id  lA 


oocor«oco     GO  "^  o)  cc«M  00 -««<  o»  Tf 

•        *****  _  _•        •        •    _  _•        •        •        •        • 

^  ^  W  CO  CO  JQ       <0  COwlWCCCOCOCOCO 


•       ••••• 

r*  •^  **  '^  ^  lO 


QOt^OOCOTf  O 

r!j  *Q  •-*  »H  Ol  T-«  t* 

CO  55  CO  so  « CO  ©* 


ooQOvHvH0icooto»'<'C)o)ccr*kO 

15  3S  sS  ^  si  7i  ss  2?'  ;s  s  sx  s  ^  s?  s 

9l9{C0COCO009OC0COCOCO(MCOMCO 


U3  OikAr-OOO 

•  !•••• 

tft  ^  «*H  vH  r-i  Q 
00  CO  CO  CO  CO  A 


tOiHCOcokoeooO'^oi 
2  2  SS  SR  2  d  S2  a'  28 

^'VCOOO^'TCOCOCO 


^©»ft?O«PC0» 

•       *••••« 

'^  50  00  CO  00  CO  CO 


O0ii-<»0e0'^C0'^t<-OQL>O(M'^C0 

•   ••■••••••••••• 

iftCO^O<PQO«a>0)00)kO/'NOiO 


O^O  QOO  QO  CO 

•       •       ■     _•       •       • 

"^  ^  0>  Oi  •;  tH 


UO  CO  lO  0»  O  kT) 

•       •       •       •       • 


uo.o  i-i  00  CO  ;o  r*  o 

_^       •       •       •       •  ^^       •       • 


i>.«-i^x«o 


•  ■ »  •  • 

S'<f  ODQCO 


00  CO  CO  (N  "<•  CO  09  O 

•       •••••»• 

rH  CO  9)  IQ  Q  X  Ci  X 

»0^40lO«S'*^^ 


•       »•••■• 

SCO  -^  CO  t*  Q  CO 
|>i5^^tAiO 


tA  O  CO  t^  <<f  CO  CO  X 

•       ••••••• 

CO  0»  CO  Q) -««<  X  0>  O 

CO  CO  CO  CO  CO  25  o  CO 


O  •«  04  t^  C4  C»  O 


CO 

o 


t^ox 
of  ©i7» 


XOiOCO^OCOlOtO 

•       ••••••• 

COON'-^^'^T;"^ 

c*t<*t*t*r-r*cot^ 

o 


p 


09XOOO«H       r«  O  f-l  09  OD  CO '^  01  *« 
•HiOCO-HCO'* 

r»  t*  i>  !>•  r»  r* 


Ti^%S^^^i^ 


^kOOiOOCOiH 


0» 


0  0)0 

•H  »-»  ^ 


xo«-4t^ioxoooxoo<;oxoco     t><«  co  o  ot  co  oo  co  ^ 


o*^r'^iocoox^»o»^e9io^     eo  x  09  of  la  co  t* »  co 


^OOCOOkOCO 

*  ^m       •       •       •       •       a 

P>  ^  C^  CO  ^  ^  Oi' 

t>>  A  ^  t>  r*  r*  t» 


s 


09  1^0 

CO  CO  CO 


0»OCOCO»HiO^^ 

•        ••••••         I 

O -- 0>  O  X  Oi  0»  CO 
t*  t*  CO  CO  CO  CO  f*  CO 


r*  O)  eo  *^  09  CO  to 


h.00 
cor^t^ 


co6t^  t» 


09  X  ^  CO  1-4  CO  CO  X 


^COCOXlOvHO 


<5 


ooo 

•       •       • 


xiAr^coi»io;or«f^'<*r<-aDcoiHOco     <«ic*«i»coo90)ooftx*«vHX«-4tooo» 

•  __•       ••••••••  ^«      •       •       •      •    _•  ^#      •       •      •      •      •    _»      •      •      •      •  ^«      •      •      •      •      « 

oSicioiocoSioSSScoSocoS    SSioSSSSiSiocoSxSSlSSS 


CO 

t>* 


XOCCCOO)l^lOCOr«OC0090>XC9iOXkOCOrH 

0»XO*-^"^C0^QQ^»OXt-<^C0»-<OO0l 
^<«iAkOW)iO&OiOiOiAud^^iObOiOlAlOtOiA 


CO  0>  CO  O  CO  o  o 

•       •••••• 

COQeO09  09C0  t* 
lO  CO  lO  lA  lO  lO  lO 


xcooooo 

*      ^        •        •        •        a 

ecooooco 
tO  lO  ui  lO  lA 


CO 

CO 


uOOO) 

cjx'oi 

COCOrf 


'^f^ 


t^iOCOCAXiOXXOO>l»COOCOi.OX         .. 

«-i  09 1^  o  r^  o»  0*  CO  r*  o  09 1-*  "v  ©  o»  go     o»co 

^^CO^CO^'^SOCO^^'^TCO'9'CO       ^^ 


O  kO  O  t«  00  <-4  CO 

a       a       •       a       «       •       a 

xo)  u;  o  ^  ^co 

^^  ^r  ^r  ^^  ^*  ^8^  '^ 


cocotncot^co 

a       •       •       •       •       a 

S»"^  ^H  f^  »H  lA 
CO  ^  ^«*"^ 


CO 

X 


r*"^ 


i. 


«Hco*-Ncoa)o«^r9co 

•       •••••••• 

uoot^nocoeocpo^ 

09Ol09C«f^C«OIO909 


v^  tH  X  J*  O  CO       X  t^ 

•  _  J       •       a  ^a       a  •       • 


Ot*OkO»0  0>CO 


09oit^<«coa> 


0  09CO 


s  l^s^ 


iHCOtOkACOOOiAO 

•       •••••••• 

09O(0IOti-l09S)O(Ol 


OOCO'^O^       09kO 

SSSoiSS    SIS 


C0  09Ot«O  1^09 


lOCO  xco  oco 

•        ••••• 

xr*coojOi^ 


«:;  es  o 


C8§« 


hi 


ad    O 


§*o  p  «  gjcjj  «55§  §!§§  fl'ftSl. 


s 

a 

hi 


o  ©  o 


© 


*-«0» 
••a  «a 


a 
o 

P®  C3  g  §  O  §  g^"- 

*'S©S9SSS«b2:^:a>»c5 


«  3 


4ao 


EEPORT   OF   THE   CHIEF  SIGNAL   OFFICER. 


a9 
(3 


•        «        • 

0(0  00 


O  t«  CD  C^  O  0)0) 
•     *     •  • »     ■     ■     • 

lA  kT?  lA  kO  tO  lA 


•     •     • 


* 

CO 

lO 


•       •       ■       • 

lO  kO  ^.io 


•      •      • 


0'*l> 


93  O)  t^  CD  CO  CS  O 


t^iACO 


t^O^JO^^-VOIXJOJlD 


A  99  Id 


S 


i-»  t5  t> 


(gi  "^  3  re  W  1-1  ^ 
^  €0  00  CO  50  CO  CO 


OQ  80  CO 


COOOiOCOCOCO^^^COOOCO 


CO  CO  CO 


o 


00 


0>oo"^iftaD'«9'»*i>»^r^ 


0)0) 


o  xoo 


ss 


CO^ffO'^^^COCOCQ^CO 


s 


:«o^ 


g 


A  9>U3 
COSTCO 


CD  IS  OCOO  9)  O) 


»Xl.O 


CO  TO  CO  CO  ^  ^ 


»>.I*iO 

CO  00  00 


a 

o 


8 


o 

O 


'*©is>»©»o>xcooiO)'^o 


»o^o 


ifS'^S" 


(34 


C«(NO) 


iH© 

lAiO 


tH  G*  CO  iH  «D  **  "*  to 


XOiiS 


•4^ 


Ol 


CO 


•   •••••••••• 

2iiQ<i^coQuo»QO«'50 

COCDkOOtOiOCOOCOOtJd 


lO  iD  lO  0)00 

coSoSSco 


OOXOtCDiDQ^KH^iD 


t»qoo 


S 


kOrHX;DOOIO)S«00)CO 

•         •••••••••• 

CftOi-*»©i.Ot^TDOie4*-i 
cot^t^t«aOt»r*^t<«c^t^ 


CD  ».0  ^  «  O 

•         •         •         ^         • 

'fl'tOi-l  »co 


*«  CO  CO  CO  to  d  o 

•      •••«_•■ 

»0  0*  O  i-«  »-•  «D  iH 
CO  f«  t^  00  00  CD  t« 


00 


•      •      • 

goot 


O 

CO 

P 
H 

04 

< 

;^ 


O 

en 

o 

H 

9 


d 
•-a 


00 


co»HoO''9'iO'^i6aot*ooo 


OtTOCDOiO^t^CDXI^kA'^OiCDO) 


00  0)  to 


ssfcfcssseg^g 


Rr^^OI^-TfciOr-i'NWqOCOCOCO 
t^i^t>-i>.t^cot^XTbabcor«t^QO 


SO)S) 


o 

a 
a 


OD 


o)aDO)e)?<<«09aoic^oxcot^^<Dk.ocooo 

uOt*»Hcoo»-<iox»-ioor*o)eor»»5coo>0) 
<Dr«t*t^aDb*t^tDt^t»t^i>cor«cDcot«coiA 


t»  O)  l«»  O)  O  O  00 

•       •       •       •       •       •       • 

tft  kft  ^  n?  OD  •^  j> 


t^t>t>»® 


OCCD 

SS8 


5? 


O?OO*^CDO9O)0)COOOO)*^eOt»OICD^ 

StAknco3Q'^oooeoiDCD-<9>apoiAr«cp 
i?5iACDi?ScD;OCDQD25i5iAi?dCDiAi.OiA 


or*  ^ 

coS5 


C«CDOCD^CD0D9)0D^ 

•        ••••••■•« 

8«-«cDiDe«coQipceoo 
coiraiAif^cDiOiOtOLS 


OtOOiH 

•       •       •       • 

kOtDtOkO 


0«t^00<-4e0<D!NO)CDTHQ0 

•       ••••••••»• 

r*  o)  o  CO  "^  O)  a*c«  ko  r«  o 
kOkOtOkakdiOkOkOkCkdko 


U7  kO  ^  kA 


C0<-4  0D9I 


XCtOOkS 

•      •       •      • 


»4 


QOOOOt*- 

irokOCDCo 


^C*OOI^\OCDOO'*4-<.OI^ 

•       •■•••*•••• 

OiHiW'^Xt^OCO'^kOO 
kfO  "^  ^^^^'^^'^^  ^ 


O) 


XOi<-iCO 


eooo»(Na<)0)OiHOD9)c« 

COeOCOOOCOCOCOOlvcOcCO 


CO 


a 
d 
•-a 


t^09a)c« 


CD9»CDO^OtfiCOvHr«rH 

•   •••••••••• 

COCOC0««"*t'O)C0O»»C0^ 


X  t^OO^ 

•       «       •       • 

00(0  0)00 
•*"^C0'^ 


•      ■       •      « 

<^  kfl  kC  CD 
CO"V^^ 


fi*«^0) 


*       •      •      • 

eowSS 


0»  1^04  1^ 

^^  ^^  d  w^ 


a)r(Oo 

•      •       ■      • 


a 
o 

« 

QD 


1' 


o  o  «    . 

'S  r®  r®  ^ 


.2  S  to 

5  s 


s 


C  9 


1=3  §  S^?  i  i  IS  §==3  J  §  g  i-§"ll  i  ll^ssll 


REPORT  OF  THE   CHIEF  SIGNAL  OFFICER. 


431 


00^ 


•         •*•••••••••••• 

t«0     »  00  OQ  OO  Cd  1^  lA  <«  •^  kO  CO  "9  i-< 
««<4i     «^^«qi  ^1^^  ^^^  ^^1^ 


a>0>C0U)C0Of-liA9>iAO9»a00)O0)e00tOQ0k0 
IS 


ifi  la  iR  ifi  iti  %a  iO  la  \o  ia 


•        •        •        •        •        •    _•  ^  J        •        •        •  __•        •  ^^  ^m 


C0»^«D0i'^(NC00iO0i000><0O9»0»C0OOO0» 


^0>0l0)^'^k0O0)XXC03)'^C»00CDU;   CC  Oi  CO  Oi  \a  fO  <0  Qi  CO  ^  ^  <0  Cfi  CO  CD  CO  <0  CC '^  CD  00 


0l»AC0a0C«Ol00>Q0rt><-4OC0       CD;0'«OC0OQ0t»Q0fH<«OOO0)0>Ot^«4'C0iH 

•      •       •      • 


•        •        •     _  »  __j •        •        •        •        •        •    ^»        •        »       •        •        •        •  ^9        •       _•       jf        •        •        •   ^^   _^   ^^        »      _9        %        m        m  _^^        •        •        •        ft        • 


lOCO 


i»xo>f-tr*i>.i-i0900d(ei^o^     oooocccoo)THt«cooo^^QOt»i-4f-MO«eca)r«<Hi> 


•       •       •       •       • 


SSSSS^g^SSS^SSS  SS33S^?SS33SS^g^S'^8^S'^ 


iHOIOiOOkO 


!g 


00^ 


^eococoia 

^r  ^'  ^  ^  ^ 


•       •       •       •        • 

09  n  ^  CO  CO 


aOi-iCOO)CO;OCOOOOi-4900       COkOQOQOt»(0QOO^«HeOOOO^XiH|»OUdO« 


•   ••••••••••ft 


C4COOIQ0900)COO)t«COOQO<-4«00>eO 

•  •••ftBftftftftftftft«ft« 

0CC!>ceQ^9)C0^Q0Q0Q9(&CdQt-iQDO 


«oSSS 


©ICO"^- 


C^Oi-i 
;Ot^fN. 


^t> 


O  1-t  -^  ©  00 


$?ss 


^coooco<<t©oaoco(NQO     cokOO'^^eotoo>i»co^kOio<ffo^oocot«o 


lOOtO'VOOOO^QOtAOOOrr 

•       •••••ftftftftftft 

xaOQOiHCoco^cDeo©coiH 


QOwCOeor*0)©©040iAI^0  9)0)OO^COOl» 

•        ••••••ft    •       *«••*•••««.. 

oo©oo(Neoift--oooTHooioc«.-«Q»:^^^' 


^oo»oo;ocoo©Tfoo 

•   ••••••■•••ft 

CO»2»C0OiQ£0-^C»«COCO»--O> 

OOCOOOOttOvOCOfOCOCOCOOl 


«0"^oooo>»^o0'*s'^f--^oir>-?or*ooi03no» 

•       »  ^»       •       •  ^»       •       •       •       •       «       »       •       •       •       «  __«       •       »       »       , 

•^■^co^5»^rrri»y5?5Tr'^85'*r«§oS5<SS 


O^COG9  0I 

•  •      •      •      • 

«ooo*w»o 


kfieor«oor^os)OotOQO     (NtAkA<«oi©^?ooco^Q00400c«woa>)oom 


3>co©oooiococo©cooi-i     0':4coco«coQO<-<t»ooo«»4009)iOg)Ou3©neo 
iwoi'^co'?»'N©is>i(M©*oi     coJOoocococo^cococococQeococoeoooeococoaS 

t     K      H     I  U- 1 


«  «  e 

s  ^  S 
Moo 


f--0»CO 


.    ^n-l   H   fa    CO   «   CO 

''3  S  O  o  o  o  o_^ 
1^  QflBoBeSneSeSo 


9 

eB 
=3 


s  .9 

.a 


0  ■*»  _c3  i*^    •    •  e8 


080 


43 

o 

Gt4 


M 

u 
08 

b   a   O  r^  -H  fe 

5,  e8  «  s^©  O 
0_c3  !-  «•" 


l-S 


a  a 
5° 


a  Q  O  9  4) 


fiBPOET  OF  TnE  CHIEF  SIOHAL  OPPICBB, 


s  LT  o  i(i  l:  S      o  -^  3  S  f  »  "ii  L':  5  f 


fl.^S^^w3-»S^s 


ssssss  ssissasssssss 


sssass  tsss&ssi 


gstsirisSassRSBS 


7— 'ris^naiaitdsiriigaod     sJ 


SE    SiSSSSSSSiSCSSKEBS   i 


gassed  :^£s'&3g  s;g;:s£gss^i;3 


SSloSS^ESSSS^S    Si^SSSSSSSSS 


iSsiS^sSs's 


cJSSSSSSSiSSSS 


SSSSSSKSSS 


BEPOBT   OF  THE   CHIEF  SIGNAL   OFFICES. 


433 


r—1 


^-^ 


ooco 

•        « 

rtco 


m         m 

1/5  T 


C4  0> 


CO     •iH<«0>^tOO)aOOOOe>OIO^COr-4COb*«> 
iH     •  t^  CO  O^  91  C«  ^  O  O  9»  CO  to  (9)  Ot  O)  CO  rH  0« 


'*o»ooioococ*«o«o»0"v»-i«<?i«>.Tfr^ 

0's^CvvNCQ^'<rC<C'30O0QvQrQCv^^C*s0OCO 

I 1 


o 


oc»a 


t»<0P9O 

•       •      •       • 

C0«pt^3i 

«j»  TP  ^f  ^^ 


CO  CQ  00  vQ  Cs  OQ  CO 


conoo) 

•      •      • 

^»  ^ji  ^fli 


n  COCO 


•     •     ■ 


CO  CO 


t*ao 


CO^CO^Ol>-«Ol'*»HOOfHCO<Ot^t»'*OiOO 

^i'-oi3co^»!^r2'*'G*ooig>cpcpc4oeo«^ 

TF  "^  ^  00  ^9*  ^  CO  OC^^^COCO^'fl'^^^'^ 


»Hoooaocoo^ 

•  _»    •    •  _»  _«    • 

^  W  ^  OT  ^  ^  "^ 


•      •      • 


O9«eo 

4i^ 


r-co 


5> 
CO 


•        • 

t^  00 


(Ocoo)aocot^^co<-4iooo>xoog)OQO^ 
aoTHioQor^aigoiHoomc*e»ejo»cocoQ*H 


r»  r- CO  1-H  IS  •H  o 
•  _•    •   •    •   •    • 

CO  oi  »o  ^  CO  CO  r* 

^*  ^J*  ^^  ^J*  ^3*  '^  ^^ 


•      •      • 


ot«;o 

_•   •    • 

«»Oi-l 


ao«-4 


•^s 


00  t^ 


CO 


•       •       •       •       * 

o»  — o»aDio 

CO  CO  (O  CO  CO 


CO 


00  "^tH  01  CO 

•        •        •       • 

CO<OC» 


cooooooco 

•       •       •       • 

iH  01  — Oi 

CO  CO  CO  CO 


s 


00 

o 


X  CO  Gt  &A  <«• 
iO  lA  kOCOkO 


00 
CO 

;o 


r<.co 

•         ■ 

wco 


•       * 

CO 


SI 


lOO 


ODOO)0« 

•       •       •       • 

Sift  tH  f-* 


kOuoceeo 


•        •       •       • 

COOiCO^ 


COOOCOO)iAt^VCOOQOCOt»CO«-ir<-0)0 
COiOCOCOi5i3cOCOCOU3COCOCOCO(OCOCO 


cooio^t^coao 

•       ■••■•• 

CO  QQ  CO  Q  0>Q  CO 
CO  CO  CO  CO  lO  CO  CO 


•«*  «  r*  Oi  X  00  CO 

«-*  —  O  fH  Ifl  »H  *-• 
CO  CO  CO  O  CO  CO  CO 


'^»00««3<'*»HCO^CO»-<QOf-COii5^00000if5QOCO«*»AaD 

Scoco^-*.o^^•^coScor«^«cocoi«l^«cocb^cSc0cSc0@ 


tO^OO 

•       • » 


OS  »^  O  OI^O>iH5*COOt^OOf^t-S*»-^^^00*HiH'^QOC«0* 

Si2Br*^fc:Sfir'cococ>^coo«©ipoico»>jo©Qoo5TCoco 
cOcot*r%cccor«i^i«»cocor«t>*t«t^f^i^cOf«i^coco^b*c^ 


t»  CO  0>  CO  lO  o»  o 


0)aD'«kOk00^coococoiA^oc}co^r<-aooa>o<?)0)coo9 
cococot^cococococococo«5^;o*^to«ocococococococoi^ 


lO  lO  O  vH  '^  Oi  €0 
CD  ^  CO  W  t»CoS 


cou:^k00ooxcoo(?)aoooo'?»r»os4cocor«« 
•  •••••  _•  • •  •••■••«•••• 

Si5»-*covat*-^»-40ojcp'r»o>i:»"^OFHCooco 
kOcocOLSiAiAcocotOk5cOkOibkO;90L(;uoo 


'^oa'«9'<NQoeot^coooo'^;oo*-4».o^^oocorr 
socooa»H.pM-<»<otieococooo>iO(NaooTi'ir5«* 


^cocot^O'^iMoaaot-ooi^cNooco^ot^TSico 


»ocoo»oooiiHoi^eir»ioc5C»ooi^wr*Oicoco 
5'^2{fc^^SSz5!::Joooooot>.*Hi^?oi^o»oci 


»OOI»-«©*04aDt*'^t*OiOCOC004t>.»O^OOOl03J005>ll>* 

■    I 


s 


£ 

o 


e 

o 


^o 


M 

o 

/?  «  o  « 


5?«*S  9  S  fl  fl  2  2;  S  o 


>»«fo  « 

S-SoW 

es^  O  O 


o  o 


O   O 


c: 
o 

e6 
■«^ 

OQ 

^      ca 

S   ®   09 

2a* 

Sow 


OOiHCOOuOCOOOOOOO^O) 

ocojoacoi^-oit^QKa^iQf* 

uOtAuOCOkOLOlACOkACOCOiO 


uO  O  »C  CO  '^  '^  W  l^ 
'T  ^'  '(f  ^'  ^1  '^  ^^  ^^ 


coox 


kAr^t«oc4(N'^o*Hioo^ 
cocococorococowco^coco 


aoiAooaQ^iHO)009)co 
^  •    •  _•    ••■•••••« 

?5^Sr;*^3ic^ocsQo-^©> 


aooQo<MO*-i— 'Ot>*cooo^ 

•        •        •        •        •        V  ^»        m        m        •        •        • 

WOJ-MC^CMCOOICOOICOOJC* 


o 

2 

=3  2 

o  a. 


06 
.2  .a 


o 


c 


o^tZ3 


p 
o 

a 
a 


o 

►  ^ 


CO       •     «    w^^eT- 

-C  a',3t5*C 
•--  «  >»5zJ  «>  ©.S  o 


i^§-e 


11945— BIG  90- 


-28 


434 


SEPOBT  OF  TH£   CHIEF   SIGNAL   OFFICES. 


0 


otoaDr«u3oeor«;Deo 
•   ■   • •   •»•••■ 

^^  ^1  ^f  iji  ^j»  ^*  ^^  ^1  ^1  ^1 


•    •   •   •    •       « 


CD 


ss 


©I  CO  CO  00  ^  ^ 


OtlOt« 

•        •       • 


01 

•-4 
O 


(0 


0 

a 

a 
o 

o 

H 


O 


H 
P 


5 
§ 

o 

O 

9 

3 


O 


o 
O 


0 
Ho 


t*;o*Hoicoo>oi*<oeoo 


O  0>  CO 

•        •        • 

kOOCD 
to  ^  ^ 


W  CO 


•       ••«••  ••••• 

CO'^OO^T^^        *<f  tA  tO  kO  ^ 


■ 


OC)QOQO^CPO>rHOO)0« 

•  •••••••AAA 

£5C0^?0'i«O9»g^5S52 

CO  ^  ^  ^  ^  ^  '^  CO  ^  ^  ^ 


•  •  • 

gn  1-4  r-i 
CO  -^  ird 


eookOiHx 


O)  CO  CO  o  09  <-H  ««  ^  ot      .    _ 

"4*  ^  ^  eo  *<r  ^  ^ '^  to     koStOuSiS 


9i 

« 


oa"*i-i;ot>.o»coco<bo»«-4 

•   •••••••••• 

(OCfCOtOiScDCOkOCOCO 


OkiACO 


lO  CD  CO  t^  O  *«  «4*  O  t^       0> 

^»        •        •        <»        •    _•        •        •        •  ^m 

StoSScoScoSS    s 


vHaoco9or«kDOoaocoao 

•       •  ^»       •        •        •  ^%       m »        •        • 

COCDCDCDwCDCDCDCOwS 


00 


aDi0a0C00»CDQ00tb»*«X0»O 

_•   _  J    .  _•        •        •    _  •     _•        •        •        •    _  J        •        •  ^  J 

^  S^S  CdSSSSS  ^CD^       S 


coo<^cd;ococoo«o<oicd 


CO 


•        •••«•••••• 

f^oDoiqir^ojooiocn 

dCDCDt«CD;OCDl«^l»CO 


O  Ol  CD  04  CD '<' C4 

•        •••••• 

»o  ej>  "^  tH  h*  ifi  ^ 

CO  «>  t>  f*  CO  CD  CD 


CO  ^  t^  04  o> 

■       •       •   '   •       • 

OOOOr-l 


A 

ff 


• ^«      «      •      ■ 


•       •      •      •      • 

^^cocon 


00 


•     • 

CDC9 


a 

0 

•-a 


iDOOOCDXiOeOO-^O) 


•   •   •   • 


c»1Hcoc62*co^^"^l5eo'•*« 

kOCDCO^tDCOc25cOCDCDCO 


I^CO^CDCDOOt 


t^OtkOOICO 


0( 


s 


eo 


^ 

s 


'«0»0)«H0>^a0Q0»0:0'«Q00>OCDVO00^ 

•   ••••■••••••••••••• 

gr«0)0)aQr^q)aDkfio>OdCDQDcD«p 


iTi^  lA  i.0 


«0t-4^^CO 

n^  — 

CD  ID 


3SS    S3 


8 


»4 
P4 
-«1 


c8 


o»coc4^o«-ico^-«aooj 

•       •••••■••• 

aDco^»>.c«coi>-io«*io 

CO  "^  ^'  ^J"  ^'  ^'  ^'  ^^  ^^  ^' 


OdCOOOCOOt^OOOCDO 
o      •••••••••• 

c^cocococococooicoco 


;o  CO  t- 00  00  o  00 

•  ■     •       •   -  -*  ^^       •       • 

1^  fH  ID  00  00  U3  ^ 
Xf*  ^^  ^K*  ^5*  ^^  ^<  ^1 


aD0Qt^Q9'«       ^O>0l 
AlQCDOO)       CpOHf^ 


s 


O  <«  v^  lO  CD  C9  O  lO 

COCOOO^OOCOCSOl 


OICOCDCOCD       ^^O 

^         *         •     ^_*  •  •         •        • 

PSOQOO^OQ        ^  ^  lO 


pD 


COO^^iMOOOOxOOb. 
o      •••••■••*• 

i-iao3oo>i^co?^3*»-«t* 


t^CD0t^«D<HO 
X  CO  00  t«  t*  r<  t* 

lH  vH  «-4  O)  1-4  01  vH 


OOOOCOCD       OOA^ 


«       a       • 


StnSiSiS    IS^S 


p 


OODOOiOOCOOuOOiD 


00  o  CD  t*  o»  r^  00 


QOOCOCDO)       ODCDtH 

» ^»       ■        •        a  a        a       » 


a 
o 

SB 

•4a 

OQ 


1 


^ 


9 

u 
•4a 

jB  €8  oe  O 


35§ll 


71 

a 


•(A  <*?  4  Q  ^ 


^s 


3" 


BEPOBT   OF  THE   OHIEF   SIQNAli   OFFICER. 


435 


2« 


Oi  «-<  »^ 

■   •   • 


■    >•••• 
CO  lO  CO  CO  3) 


« 


$ 


•       ••••••• 

1-t  ©*  »H  go  »H  00  CO  t* 

'^"••'^50'^^TfCC 


CO 

o 


■       •       •        ■        • 

SCO  34'^  00 


Or<(?)0034^;0033COO 

•        •       •       ■        ■    _•       •••••• 

O  ^JL'5  lA  ^  e5  «  ^  lO  lO  ^ 


kO 


OQOO  O 

•     •     •  • 

S<:o^  CO 

lO  lO  ♦"! 


0OOftv-4CX>^?0e>ICOCdTH 
•*  ^  -^  rl  O  51  ^  C^O  CO 


co'*»HO>ocO'^eocoao'^f-'i^©c«-^QDO"^ 


s 


•       •      • 


l^«-4a0iAt>.^i-4COI>O>lO«H9)C>(r«QDCQKCO 


0)0^00  o<       ^ 

•       •       •       •  • 

iM«Mcpeo.    CO 


iO 


O  00  CJO  O^O  ^i0^iO<-409iHCDO)COOCOiAC^ 

•   _  ^       ft  ^»       •       •       *   __J   __J       •    _•       •       •    .»       •       ♦       •       •       • 

3'«ioSSSkoSSkA™tOkoS\nScOOkO 

■ I  I i 


COCOO)*^       ^ 

•       •    _•       •  • 


oootiooiocooooao 


o>aoo^ooQOaD^iOo«ioioc»t^^aDQOco^ao 

_  »        »        •       «        •  ^m       •    ^«  ^»  ^_j  ^J        •  ^»  _^        »        •        •        •        •        •    _■ 

St«r^SSt^coc^3SS63S£t^S<N.^Sco 


^CCOO^Q*       00 

SloF^S     S 


»SeooicQtOQD^Gd^^ 

kOlOtOkOUSkOiO^tOO 


ioi«o«o<«ce^coaotoo«(?)coo^<«cOkOO)cooo 
«o^coo|f-cooiocioa»H©i^e4oo«or*^co'*50 


•   •   •   •   • 
^:»2ococ« 


eoG«t^coaoc«^toao9)0)o 


(X>09aoaoaoi-iocoo>^^kOOiOkA9i^ococo90 
aoaot^cQeoQO^o>gpcococoi^coi^<-;kOaoa)t^QO 


t»<?ir*aocoi-4<?if-Mcor<-a>ci 


"VOtaOCOOidCOO^aOiOO^^O 


•       •       •       • 


coeqeoi-4ioioS>if>^(N'n|Oi9i 
t^l>{<»«oS5c^coi^c^t«kOi^r« 


CO  lA  « CO  o)  t«  r« 

•    •••••.• 

CO  to  lO  0>  CO  <M  "^ 

t»  t»  r^  F- 1*  ^•  t^ 


CtOOLO 

•       •       •       • 

I'*  I'-  In,  r- 


o^oocor«OkOtOo30o>C4 

SSScSSSS3Sl83S 


OiCOCOeOOCDOiODCOO^Oft 


^Oi»O»H(J»C000"^W»O 


o 

lO 


CO 


s 


r-ICOt^ 

SSkOS) 


^co 

•       • 

COiO 


l^O 


CO  xO  f-  CO  lO  o 

S'oltoufo) 
COkOWiO 


OiO 


Oft  ^  kO  1^  t*<0  '^  f-l  o  ^ 


-^     ^       • 


aogoaDoaoiH«0)o>kO 


kOOCO 

•       •       • 


1^00 

*       • 

0)t* 


•       # 


Oki»co^o<co 

•       •       •       •       • 


1^  «  ^  ^  o 

-^  kO  «4*kOiO 


t* 

$' 


•        « 
CO-H 

TfkO 


OtOi-IO(N'«lOQ0^04 


» 

^ 


CQ  "V  CO 


■        • 

o^ 


oo 

co*^ 


C«01kO^COO» 

•       ••••• 

^  CO  ^  ^  00 


0D»* 


•t** 

^'?' 


CO 


^  CO 


coo 


w^oo-^o 

•       ••••• 


oo 

•       • 

90O 

'VkO 


kO  ^  C«  OD  O  <^  CO  O 


•  _•      •      • 


kOkOCOOiHO'^CO 


I 


I 


0>  X  CO  i"4  O  0)  r-l  <« 

00  ^  o  I*  o»  oi  r^  lO 


CO 


•HOI 


^11 


^  O  C8  * 


^a  *a  4»  ■*a 
u  n  u  t^ 

o  o  o  o 


■«a  49  ^A 

»4     b     b 

o,o  O 


^ 


a 

OS  eS  0) 

052552; 


436. 


REPOET   OF   THE   CHIEF  SIGNAL   OFFICER. 


V 

D 

a 

a 
o 
O 

I 

« 

u 


P 

a 


► 

o 


o 
O 


OJ 


^**     ^o»*oo 


^8*  ^J*  ^' 


o       •     •  •     •     •     • 


o      •     •  *     *     '   J 


;00       Or-(0>00 
•     «  •     •     ■     • 


5 


00)00000000000 


■       •      •       •       • 

'<^  tO  lO  o 


*!S 


aOCO«-400«<NfHC40tO 


•       •       •       ■       •       »       •       •        • 

o<->i*-H*-riiAaoioc20* 

^1  'V  ^^  ^C  '^  ^*  '^  ^l*  ^^ 


oks^oooooiHOoiaooo 

Oa^O»-«i-<COO<3l»-»CO 
CQ  ^  ^  ^  ^  ^  "fl*  ^  "^  "^ 


COI^iHOO^Od(NC0CX) 
«>r<.OlftQ0TH«^Q0t^C0 


9«OCOCOCOO)0('^OI»-t 

•        ••#•■•••• 


•    •  _*    «  _» 


«       •       ■      • 


«        •        • 

O  (Nt^ 


t*0«a.^OCiOi-4iOCa"^4'»l>' 

'^9'^<CCQ»H©»©»g0t>.^O«OC 


CDCtkOCOO*COOICOCOQOaomOtO 


OOOOOkSO^'^^ODiaOiXk-'dO 

oa>QOoooDcoQO^a»r^aft«DQOti: 


^aOOC*iO^Ot*»H«iCrH»HO 

•        •••••        a   •        •   _  •        •       •  _  ■    _• 

SCOiO»HO|iH550)kftC«"^i-*C»0 


o      •    •         • 

8S    6 


O>Olt^Q0COC0^O>C0a09)0i^ 


•       •       • 


S<Oi^o;ococo@c>*cocoSt^ 


o«ooeoa^C9t^o 


PS 

o 

a 

04 

H 

< 
p 


ex: 

H 

o 

:^ 

h 

o 

H 

9 


0 


C7 

a 

0 
>-3 


coco       L'S 
O      '^ 

coco      t« 


OOiOOCQ 
oiOkAO 


CO 


00 

-3 


X  00  0)  CO 


I^CO 


s 


O  OOOOQD 
lOlOCCiO 


C0^0)k000»0^ 


OiHOIO>t-4 

•       •       •  -J'      .? 

-^■TCOpJC* 

i^i>r*cot* 


«0  O  CD  CO  kO  1^  00  «H 

^  CO  Tf  C»  C4  VH  ?«  »H 

^.  ©  t*  r*  t*  i>.  r*  r- 


aoi>.^co*-i»0"voi 


r-4t^O»CO00 

•        •        •        •        • 

CO  CO  CO  to 


f-4  o  CO  e*  CO  ^  o>  to 

•        •        •        •••«• 

SCO  QQ  lA  00  O  O CO 
CO  CO  CO  CO  cs  dco 


koao1-40ocO'«vHO«o«H^a>oo^» 

O  30  iH  99  Q  Ci  Q  lA  Q  qt  w  e»  c^c» 
OlACOCOCOiOSScOiOCOCOCOtOlO 


CO  00  O  PO  to  t»  O)  «r 
jH  lo  o«  qj  cj  o  cft  i^j 

CO  ^  CO  &0  CO  kO  tO  tO 


SB 


0 


09 

0 

o 

s 

QQ 


CO 

• 


OQO 

■        • 


CO 
CO 


CO 


»-«co 

^  CO 


oox 


lA 


CO 
CO 


*-4CO 

CO  CO 


-a 

0 
0 

0 

o 

o 


00 


OTO^'^tHOt^lOWi^OOCO'^OI 

xt»1-l^c4^-cocot^C3*HC^{OQo 

^■^ic»d»0'*"'>»i5"^»oiOkO»o^ 


o  oo  eo  o  to  CO  CO  T-< 

•       ••••••• 

Oi  ^  IQ  O  tH  O  01  »2 


CO 


w^^ooeoao^r-^ioocicooo** 
SJ  3^  2^  ^*  22  tf  I;  ^  M)^  22  2  £2*  d  2S 

COCO^^^CO^O^OO'^^^^CQ 


•       •       •       • 

2sS22 

^  CQ  "fl"* 


CO 

si 


THO^cooieooicooeo^^'*co 


_»      •      •  » 


s$S8SSS8iSiE;ssi3S 


CO  CO  0)00 


00 


i-iOCO<5*Oi-iCOO^nf>(NO>t*CO 
COCOCOCOCOCOOO^COCQCOCOCOpO 


—  J2 


fa 
S  >;  c3  c8  <o  tX)^ 


OtOO 


HCOOO 

«     •     • 

cteoot 


I 


REPORT   OF   THE   CHIEF   8IGKAL   OFFICER. 


437 


•        •        •        • 

•  00  QO  kA  CO  <<•  CO 

•  .*•••*• 
.  •-<  00  ?S  C»  ^  »H 

•  uO  -V  lA  Id  kO  lO 

!  -<  ^  Ci  <N  ^  oTiA  « 

49.9 
[51. 4] 

t^CJXoo•-«^^ 

•H  O  Ci  O  00  «-*  00 

na  »ft  "^  ift  'v  ifl  ^ 

1-lfHh-iOOO 

25  lO  •^  lA  55 

■                      * 

54.1 
56.5 

QO-^n^ 

'l0^l>-00>00 

C0C0u0?00J«l>*«^0iC0vAC0l0O^Ni-i0>a0<0'N0>l^<NO 

oo    • 

5??S3  i 

1  ^  0>  »i3  lO  »-<  00     « 
>  ^  00  "^ -^S" -* ''I*     « 

»H  "^  0*  CO  3 '^  xodot-iciolcoco^oJooolQpods^^'o'TO* 

88  : 

39.7 
39.5 
41.4 
40.6 

r-?  O  CO  ©i  -J  iH 

*Hcooit*«r*"*i^t*oeooooi>»iooo»HO>i-<io?ooooO'^i* 

45.3 
43.5 

Oi-IOllO«DCOi-iTHi-iOOOIOOOOCOCOTH^?003*«OCOO»r5iO»HOOT-»OOOi«Oi«OOCOOO-4 

06yTaif69ic6t6d>^t^ai^i:ic6^t^c>i6i^<6t^oS^iOt^c6tCc6iarA^^^oi^.i^c6 

1 

54.4 
53.0 
56.3 

o»fl01Hco^♦co^••ow^•1Hocooco5>•*ooo 

'O^CDO^OOrHCOCOOOOCOr-lOOt^OO 

•                           • 

«0«HO 

3^S 

OCOOICOOO»HO>OiCOO'V»-iOOC»00"^cOt^OO 

•00^0»HCOCO»-«»OCOO;O^CJO-H0i 

OiSO^ 

l^'SS&^'SSSSr:3!Sg'g'^S2S?'8 

:§gs^p:gS§'SSSSS8SSfe 

SSSq 

»H0>'*0IOO000*^00O«0;0l-.00O?00Jifl^ 
«Dr*0tO00©»O"«1»C0'<r3^iA0*-»OC0O0>t>.C0 

•OO^THOOOCOQOO'^OGt'^OOtO 

69.9 
78.9 
74.5 

(0tAC0^O0)0>(NO<«0);0t«-^9l«-(Ol^:000     •e)OOC»OCDkA'^00)000)C)0»iOM<0 
QD^ScO^OCOOCoScw6coS)cdcO^COc^^     •OCO<0@S>dSSScdScOl«»CoSS 


*-«eo«-i 


coo 


s 


^OOOiOO 


uO  O  CO  O  9>  CO 


oo»Aco^^-^oO!?»iAi>«rr»oiAeooi^o>^ 

_•  ^»        •  ^^   _  ^  ^»        •        •        *     _  •        •        «        «    _•    _■    _•    _•        •  _^ 


co^oo«-ir<»     coaoiA 


uO  V  O  S  S 


ss® 


kO 


oor«co^ 

.... 

o-<!fcoap 

*0  ^'f  ^ 


COCOOOdOliH 

•        ••■«• 


»A^ 


U5 


iHOCit^'NOOOIOCO'^^ 
O  OJ  lO  O  00  W  !>■'  00  ^  CO  o> 


t*  QOI^  •-^  O -^  «* 

•       ^^V     •         •         •         «         « 

S00l»0)C0Ot2 


OftO«-<i,-lCO       XCOOI 


«>cpr*i-iQo 


sss*^ 


lO 


COiHCOO 


00  00  00  Oi  f^  ^^ 
•       ••••• 

*H  Ji  CO  »-•  O  W 
^  CO  ^  ^  ^  ^ 


00»H»HOIOOCOOi^OOO 
COl'CO'TCOCO'^TfCO 


OC0  9»tH^00«) 


coo 

CO-f 


Oi 


c5  55  ^  CO  CO  00 


000(^00^       h"  CO 

•       •       •       .       *  •       . 


00  CO  CO  lO 
•      .      .      • 


•^  lA  oo  CO  00  1-4 

•        ••••« 

a»  94  O  00  uO  kO 
5»  5l  CO  (5*  0<  (?< 


•        ••••••• 

«o  t*  5»  CO  "^ -^  CO  iO 

<M  W  O*  Oi -5*  0*  CO  CO 


COkO 

«       • 


uO  91  O  O)  lO  iO  01 

....... 

tA  ^  rH  ^  CO  ^  © 
O)  O)  9»  C«  01  0^  04 


QOitiCit^QO       COCO 


.        a        •        • 

d5o^^^co 


o»Hr*coo  ^ 

CO  CO  00  CO  CO 


0*  CO -N  O  O  O  CO  00 

21  CO »H coo  sixr^ 
coooc^cococococo 


ooo 

CO  CO 


0  0)COOOC«^ 

CO  db  CO  cq  n  CO  o) 


kocoi-4eoo>     o<» 

A^COCO^I       '^  ** 


BO 

0 

a 

CQ 


o 


a  i^-r 


£3 


Ou0 


& 

o  a 


o> 


^p  p 


s 
o 


438 


REPORT  OF   THE   CHIEF   SIGNAL   OPPICER. 


0 

a 
a 


o 


O 


•4a 


•Iff 


s 


'  0904  XOOCO 


•     •     •     •     •     » 
lA  lO  ^  *b  uS  lO 


ao^xo9» 


iAOiSS:oo 


e*  WOO 

CO  ?o  cq 


OS 


;0  3D^ 

•       •       • 


•       •       •       »    _•       •  _^ 


OOD    •  tH  t>.  !>.  oa 

•       •■•••< 

1/5  liS     «  id  tA  ^  ^ 


01 


ooco^ooooD'^ocoor* 


^«<f 


»« 


ift  ifj  o  ift  L-s  ^rs  tft  i.'j  ir5  i?5  »f5  o  »o      irs  lA  o  •^  »o  ^  ^  •^  ir5  ^  ^  ^ 


OO^iA^OO^OOt^HSdCO       tH  ^t«- 1^00^0  US  000 


CO  CD  O  w  lA  ®  O  CD  ^  CO  CO  QD  lA   ^  ^  ^  cb  S  CO  §D<C  ^QO®  v 


0 


s 

0 


9)OCd 

•        •        « 

a>coco 

tACOO 


•        •        • 

CO<»  lA 


s 


CO 


lAO) 


•       « 


•        ••••. 

O  O  -*  »A  *>>  ' 

I*  r*  CD  t*  r» 


tA 


3r^ 
CD 


-^co 


S3 


oooo 


»AOO 


AOO 

•  9  • 

8CDkA 


•        ■  k        • 

o© 


(iSS 


cooo^     ^co 

•         •  •  •  ■ 


csoao     iHCD 

•       •       •  9   _• 

cot«co     SSS 


fH^C0(O&0)tA 

•         •••••• 

1^  «-•  ^  *?•  I>  C*  Ci 
«Di«OCD  COI^CO 


ooeqtA 

■        •        «        • 

»A^  —  »-' 


O©  T"** 

t^t^coco 


o© 


®s 


3 


o 


00 

© 


eB 


© 


© 


©as  X  t^ 
•   •   •  _• 

Sr^©os 


lA 


lA 

lA 


©XX 
•     .     .' 

G*©CO 
lA^iA 


CO© 

csio 

too 


t^COiA 


•        •        «  •        •       •        •     _  _m       •        • 

iA©iA       ©S©©3©&A 


CACO 
©CO 


X 


©tAOtC^OO'^ 
lAiA  lA  kA  lA  lA 


OO&A 
*    •     ■• 

3^© 
lAlA 


©^ 
lA  lA 


■       ■      •       ■ 


©© 


to 


X 


© 


X 

o 


a        •         • 

©•¥© 


o  r«  9)X  t« 

•      •      •       •      « 

*-4  w  04  CO  A) 
©  ©  ©  ©  lA 


X 


I* 

© 


0)0X0 


009* 


«• 


X 


o     . 


OS 


©X© 

o»:i© 

^  CO  '^ 


©<-4X^(N 

•         •         •         •  • 

lA'J^CO'^^ 
CO  ^  ^  ^  ^ 


CO 


OS 
OS 


©X 

sis' 


00©© 

•       •       •       • 

9«0I0)C« 


O 


d 


© 


OS 

4 


o©o 


•       •       • 

-  51- 

01 


S'" 


©  ©  t*  ^o 

Of  CO  00  CO  ^ 


OS       ©^ 


o> 


s»^ 


CO 


©©OS© 

99  c<5  n  ^ 


0)t^ 


0 
^O 

SB 

CD 


"2 

0 


>> 

■♦a 

O  <8^  0 

I    ^.^  0  0   o 
0  so  eS  c6  «  ^ 

I 


e8 

a 


uS   'So 


^i 


SM 


o  o 


2  ®  o  S  «  o  o 


t*  «  »  «  "iSti:  o 


BEPOET   OP  THE   CHIEF  SIGNAL   OFFICER. 


439 


r*i            m            r— t                 r— 1                 1—1      r-i                       r— i    « 

b^                     l_l                     U^                               U^                               1.^           l_l                                         Immi       < 

•00     < 

Ol     •OiHODiAOOI^QO;Oi-IOQO 

• 

r-1                                                                                               r-^ 

aOfHeo>ae9eQ^ao<OQOOio)t^aoeo{>«kOOiotoo^ocoac 

>     •  OQOQCQ  ^  CQ  CQ  ^OOOQ  ^  CO^  CO  ^CQ  CO 

ot-vHiOf-iaoeoob^iO'V 


QOeOOOO;Ot^0900IQOO'<'«OlO«HOIO«0^iOTHi-4Gt^CO 

lO  00  CO  oi  u5 1^  *-*  CO  ;d  2  Oi 

^^^P   ^^^P    ^^^n    ^^^P   ^^^r    ^^^P  ^^^r    ^^^n    ^^^r    ^^^r    ^^^k 


•C«00^OO00Q0OOC«O'^a0 


aoookOO>o«o»eoo>aod) 


iH^00C0^e000OTHC0l<»Q00000O0>OO0>C0iHl0iH^00C0CqOCC>C0 


OAO9OG9O«<X>OO)^^CO^;OO)XC0aOi^OCOOO> 


COwScOvCoSv9^~ 


s 


t^Ot«0<0)XOOOCOOtOOt^04 


sss&s^sgsssgi 


O  O  «-4  01 1-4  QD  to  01  0^«i  O  kO  CO  CO  CO  00  00  00  CO  ^  00  O 


c^r*wcoS^St«c^t^c^r» 


OOlO^|^COOIOQDeOf-( 

'       »*  r»  r*  CO  r»  t* 


& 


sss 


o 


ooo 

S'o» 


t^OOr-ICO^COCO<«QOCO 


oiiojHPioffi:? 
t*  r*  t*  I*  i^  CO  r* 


jfoeo 


or«ototcooirdO)o«t^kOco$ot«ot<»kOkOot^o<A 


kO 


I^Ol?9C«l*C«"^'*"*0*COCOOIO 

<DCDOC0a0^iQ-<0)Q0^iH|^O 
^^COCOCOQ9COt^CO^*COt«C0t« 


OO0)r<»00e000Q0i0k0O0»<«l«>OC0C0C0O«4't»€0 


0)T-I^T-400Q«OOt^Ud^»OOt*00 

sgs's's8Siss^£;sss* 


0«COi-4r-l*HaOeO^COOkO<«OQDOOaOf-4aOOCtOrH 
t*0i^l>»t^iQ0»C0*-l»0O0«»00>0ili5«rHTH»f5O0» 


OOOkOO)  kO 

•       •       •       •       « 

thOOCOtH 


iH«H'^COO»CO'^OiO'*CO 

•   •••••••••a 

ooo>a)cot^c«coTHO)0) 


t^aDcooQoeO'^coox<«i-iotoiaocoooooo«o>o< 

sx  53^  ;s  ^' ^  s?' §s  :3i  s  ;s  s  d  sg  ^' s  5S  sg  2  5S^  ;x  ss 

COCOOO  OOCOCOCOvO'VOO^^CQCQOOOOCO'*  CO  CO  00  ^ 


^aoo«i»o 

•        ■        •        •        • 

OOOOiCOO 
^  CO  CO  'V  ^ 


0>00CDC00i^0)«HOl0C0 

9^  i2822J  Site  £2  ri£22S  d 

CO  'V  CO  CO  ^"CO  'V  CO  ^  CO  ^ 


OCO^OOO^O^OO^OOCOOOiM^vHlNOOO^ 


^ 

s 


cot^eookOOiocoiAcoco 


«-4C«0)<0<<«'i-4CO^lOO)OaOC000030t<*<«OOOkftO) 

ScooioiSS^SS^ScoSoSSeocoS^SdooSi^S 

I I  I I 


CO 


i»0«OOi^COiOOO'^(M 

oocoo5ooS5(MtfScoco<raco 


t 


a 

,^  ®  •  D  S  Q  ft  a 

o  3>©^,fl.t2i2  o  o  © 
^  ^  P4  Pm  ^  P4  0k  P4  OrM 


REPOBT  OF  THE  CHIEF  8JGHAL  OPPICEE. 


SSS?iS%s;S^£:j?S 


;^^3SSSgS?5?J55Sf^5    :g*S53 


S>SS5S'S'S5'S'  SSS^&SSSSSft 


SSS  SSoSSSSSSSS 


ut  (sse&sss^;:^^ 


js  M^i 


is    3^33? 


□  o -S  :  £ 

o  Q  ffS  5-9 


■3s2a>S»i«ii3 


liisflli  1Usl|sj|35Hl5'tt||ilJi 

^  g  p  a  a  5  S  bo  go  *  *  e~  ^b     o-^  §  a  a  a  r  °  g  g  ovjts 


REPORT   OP  THE   CHIEF   gIGNAL   OPPIOER, 


441 


>co^«    I 

'co    • 

r— 1 

1 

o 

;sse 

,  :s 

•  coco    < 

,g. 

s 

.'t^    I    I 

rlWOiH 

1    iousoi^coo 

lao9» 

<»  X     . 

's*    ^ 

:«■ ; ; 

•          •          •          1 

1        •       •        •       •       •       < 

•  lA  lA  iO  ed  kfl 

1 

•           4 

Gptx 

1 

1 

in 

>    • 

• 

•       »       •       J       • 

CO  ^  W  w  ^ 


00 


«5  tHO> 

•        •        ■ 

OCOcO 

^i*  ^p  ^l' 


OfHCO(NO        9) 
>  O  X^  i> 


!§3 


lOkOkO 


t»OiA^COCOOCOO)0<iA«HiO 

•         •■•••••••••a 

kdUdiAudkO^CDiAiOiAini?3itn 


S«-NOOt^tOCCOO>»OCOQCO^Q9)90^       GO 


*HCOO>Q0  9)00 

•         •         •         •  ^»         • 


kOroocoocor^cocoiAiHo^kA 

•  •  •      _•     •  •  •       _•  «  •  «  ■    ^9 


QO'«(»i^soaDo)Oxao«4'0'«oocoo 

•       *       *  ^z  ^^       *  ^jt       *    -  -*       •       •       •    _»       •        •       ft       • 


■      •      •       •   _•      • 


Q0fHO^O«00**fHiH 

•       ••••»•••• 

I*  r>-.(t*  r»  t*  to  r»  t*  t*  t* 


e«10Dwe9tOiOOaO^O 

•       •••••  •       •       •       • 

-fcot^r>oo5»aocc5?oift 


i^r* 


{:{:S 


t<*  r*  i>  t*- 1* 


C40 

ft  • 


0<O^QOC«O^I^00  9>000)O^ODO 


s 


U5 'I*  CV|  «  Oi  ©I 

•     _•         ft   ^_J    __•         ft 

ih  S  S  .^  S  »o 


t»K>kOOO>OdOl«-t«>iOO^OI 

.•••••.•ft*  •••fta 

«O^C0r*^'<*QDCO  ^.*H  »  »  CO 


i/d  lO  ifs  CO  i>  o  ^•oOf-(lA1H^ao 

•       •••••  ■•••---- 

jNccocoeo^  

i>  C^  l>.  «*  t>- 00 


r"  th  o  eo  o  o  CO  o 
r*  c*  i*»  **  t*  t^  r*  t^ 


aD»o^oo»^oeoifl 

•         ••••••••a 

t-oD  —  aii"*<o^*^oo 
r*i>.Xi^K-«>.QOXaooo 


iOkAOcocoocoao«coDi^ooi>.'fl'3i^iOr>.o 


00  !■*  4-*  00  r*  00  do  i>- 1>.  «>•  c» 


SS  t^»>»t* 


t^gpoD 


o 


Jjfj* 


coiMoa^ 

_ft    _ft       • • 

S;or«S 


OOXO'^iOCOX'^OiO 
«d  ^*  X  irf  qj  -N  CO  CO  lO  rp 

t>t^i>»r»coi*t^r*«>»t> 


•       ■••••■••• 

CO(»'>»b»'^COCOL0if5'N 


i.OiftOO!C»O^COaS"«9'Or-(OOIOOaO>0*5«05i.OS« 

•         •■•^••••ftftftaftft-ftftMB* 

0»— <00^®«jr50'MO'-HjOOfl^'^X-*COO»r-<Qp 

^•t^^•«^coco^•^.^*«c^•^•t'•^•^•co^*l>.l'•i'•co 


ft       • 

CO 


lA 


C»Oir: 

•       *       ft 

^1   ^^    A^ 

cococ5 


si 


5*"^'^ 


uO  iH  Is.  O  O  O 

•  ft  ft 

•*.  fM  r^ 

-^coeo 


SSS"-'"^^ 


r^XrHCO      iCO 


I-*©  ^  00 
lA  O  lA  it: 


rr 

lA 


1^ 


CO 


•  • 

COiO 


•^eo 

ft       • 


(N-«lAOOiOO       XCOrH 


**  O  CO  O  00 


V  «  • 


kooo  to  r<>  o 

ft       •       ft       ft       ft       • 

T-tT-!^qo©«p 


iOiAOC»0 

•     .  _.     .  _^. 

CO  S  V  CO  CO 


oiooco  p 

ft        «        •         ■         ft 

lOkOkA  lO  lO 


©^ 

s:^' 


CO 

ft 


CO 


ooco 


s 


ooo 


^  05  "^ 


COX-V 
CO  00  w 


CD 


ft  __ft        ft 


t>.0)00  »AO 

ft       ft       ft        ft        •       • 

©  t-l  ^co»o^ 

^T  "^  ^  ^  CO  ^ 


C0©kO0>© 

.      •      .      «      ■ 

CO  '^  CO  •.^  Ol 

^9*  ^fj*  ^^  ^l*  ^1 


lA 


co^-^* 

... 


?J 


(NOOCO 

•        ■        ft 

CO©  1-1 
-^^iA 


C^  l>.  iH  uO  lA  «^ 

^  ^         •  •     _  *         •         • 

CO  ^  lA  C3)  OJ  00 
"^  ^  ^  "T  ^'  ^ 


CO 


XOO  ©  X© 

ft         ft         •        ft         • 

CO  q*  I*  00  tA 

^  lA 


CO 


1AOC4 
•-<  rl  C* 


'CJ.^ 


D 

8 

O 


^;s  o:a^ 


®  ^«-5  P  -  ?  « 


pd 
bo 


O  •-!«   "^  ^ 


a 


lis 
III  i.a^J  1 1  i  i  i|-3  g'-a  M««  |s5 1  «.s|q  S  s||^««« 

2ja,a43;s  ©  o  o  t^-S  t-  u  «  c8-S.2  ou^.S  0.5.2  Cf^  o  ^Js  »- C  o8,3  ©  op 
O•CJOQOOOC>WC^OOW'-ifc«dMPka2QQ00a}coHH^>'5-^^«t>C>QE«4frl 


0 
o 

QQ 


442 


REPORT   OF   THE   CHIEF   SIGNAL  OFFICER. 


08 

a 

0 

4 


C*     '.^kft 


00  ;o 


CO  O  OD  5«  -^ 

•         •         •         •         • 

^f  ^t  ^f  «^  ^^ 


^  O  CO  'O       c« 


^1  ^^  ^^  *^ 


!S 


3 


p 


& 


■*cpe»oi©t 

•       •      •       •      « 


9) 


^fOOD'^        lO 

•     •     •     •        _  j» 


•         «     _•         •         •         • 


lO 


coco 

kOtd 


CO 

s' 


ot 


CO 


•         • 

cc5S 


oixr-coQC 

__•  ^«       •      •       • 


ot 

si 


lO  CO  09  CO 
•     •     •     • 


**^ 


_  •      •      •      • 


00 


• 


Cd 

O 


kO 


-^01 


ODOOOOt^^OtO 

•        •••«•• 

CO  00  u^  CO  1-4  IT)  «M 


COODO^^       kOOCOt%CO^f-40t^ 


•  _ ,»  •  _•    •  •  •  _•  _•  .» ^«  • 
"V^^iS   kO  ilO  aO  25  to  lO  u!S  aO 


i^o^eo 


Ok 


& 


lO  kO 


)<^ 


kO 


o 

CO 


■    • 

t-IO 

:oco 


O)  kO  kO  CO  0)  CO  O 
•     ■••■•• 

r*  »0  »(i  ^  QD  CO  t^ 
lO  kA  lO  kO  kO  kO  kft 


eoootcooo 

• 


^feSS 


o 


;3 

H 

H 

S 

O 

ft) 

o 

9 

3 


0 
-«1 


0 

•-a 


>-3 


•-a 


g 


■       • 

co<« 


coaoc«kOOO'<'kAtoo)o<^ 

•   _•       •   •  _  •   _m       »  •       •       •       •       • 

^•cDt^of-t^^•cot^l^^•t« 


OCOODOOCOI^Ott^Ot 

•        ••••■••a 

vH^00kO2{  ROCOCO 


OOQOQOO)  v^ 


O) 


OCO 
kOOt 


0)coco<«eot^koeooi-40>o« 

•       •       • 

ooo 


o^^SSSSSSSgg 


'«C6OC0t^^a0k0k0'«<r-l0»t^CC0l 

g*  fe' Ef  e  ?^  JS  l:  f:  f»  f!  f:  fc  SS  g"  S" 


«1D 


1^ 


COX 

•        • 

coco 


^coaoxcoaoc^t»cooo^o     c«QDO)^t^o9  09aDC«eotoaoo)QDao 


CO 


t>  ^  O)  00  01  CO  O  0<  <<•  O  CO  ▼-(  CO  00  kO   CO  <«  00  <o  o>  C9  ro  tH 

t^kOCO'^^QQC^OIfHkfiCOkO^lA  A       CO  QQ  kA  CO  A  CO  CO  Q 
kOiOkOkOkO^kOkOkOLOkOtOkOkOkO       tO^S^COO^® 


i-Hcoa>aDi-ico«*cooQD 

SCOCOiH?OCSl>.»fiQ0> 


OiOt^O'^cooao'^QO 

^00^CO<MC0COCO09CO 


Ot^COOODCOOOOkOO 

*  •  •  •  •  ■  •  •  «  • 

A^t»kAaoooo^i-( 


'^QOOxo^<•olOkO'Z> 

8*a>QDCDoto)eocdcdo$ 
«-4«-4fHl>Hi-mHF-<0< 


Olt*t*CO»H 


ot 


St«aot^AO|     q> 
^  ^^  ^lO      ko 


eoc^Aot^oi 


•   •   • 


0^350003?©     0* 

COCOCOOQCOOQ        ^ 


kO«HO)0900       O 

sssaas  3 


00 


coot 


01^ 

■       • 


Otcoeo 


88^ 


C0090 

SS9 


l^lOCO 

•       •       > 

^CO  CO 


coeoo 


00 


& 


00  CO 

8S 


r«ot 


$ 


s 


kO 


^ 


eoooito 


m 

a 
o 


00 


•d 

0 
a 

0 
o 

Oa  S 

■3  0  9 

o  3  2 

«ss 

0 


^  ^  a  ^ 

QQao  S  0 


3 


••a 

i3 


gs. 


I- 


8- 

o 
^1 


0 
O 


-I  'SS  .'-Sm**  :g0    go's  :  's^s-^-g  •►fi*^ 

0'0«t>^t>.«9  S  ^  (^  <9  ^^•4*3  o  o  0  B  «J3  o  K 


0041^ -5  03< 


i2 


eS 


REPORT  OP  THE  CHIEF  SIGNAL  OFPICBE. 


443 


57.1 
56.8 
57.4 
58.2 

■   •   •    • 

IS  *s 

■L.J 

1             • 
1             • 

.  r— 1    1 

is  i 

>  kA  1-4  CO  CO  ko  ec    < 

^_«       «       •       •       «       « 

l/SSkAiOkAk5 

)  Q  t^  t>-     •  0>  t^     < 

•  *^  kA  kA     •  kA  lA     < 

p                      •                < 

•  >                1 

63.3 
68.3 

U_l 

70.0 
[60.9] 

54.8 
51.9 
52.7 
54.1 

leooo'tAO    < 

.        .        ■»        m        m 

1 35  ko  25  lA  CO 
1         b^ 

,S', 

;  t^  ^  ^  «4i  ^  ^  00  O  TP  i«  9»0)  O 

*****     .MtfC       —*              •              •              •      _^              •     ^_^ 

kfS  SS  kO  U3  kO  ^  k5  kO  Ur  kO  kA  kA  kO 

CD  kO '^  »A  !-•  CO  t>- 0*  oo 

_>         *         *         *         *     — *     ^*    _  J  ^» 

kAWcSS^SSScO 

66.0 
53.0 

>  ^  CO  o  CO  oo^ooot^oteocooioti^eoot^t^t^ 

00  <<«•  00  e«  (0  00  fH  CO  o 

•^  kO  S  S  S  "^  S  lA  kO 

1                                                         , 

•         •         •         •         • 

'o    •eooocOfNaocooo««o<«^oiOQOoc4oi>   • 

•  kO     tkoSSSkcSkOkO  kOkOkS  koSSkO®  kOu5  kOiSSS     < 
1             •                                                                                                                                      • 
1             •                                                                                                                                      I 
>              «                                                                                                                                                       I 

0l<0^0)C0C0t«kAkAOa0C9 

00»OkAkA<«t^OQOkOCO 

•     « 


0<^COO>«-4COCOt«(NO^COOOtOO       xoo 


OOCOCOkOWOOOCO 


. .  •     •     • 


^r^i-<OQ'«*<OOkAGO 


kdOCOOOO) 


000)i^O)OkA^OkOOaOOOOt«kAI»«H^COOC40«       0>CD 


•       •     ^ 


kO«*-«04Q0»Ht*CO"VkA^C0OI»H©kAO«rt«00OlG0 


ss 


<4ilAa)00kAX 

waoabaDi>S 


-^o* 


s 


ia£ 


QOt^t^OIOI 


OOCOQD 

odcd<« 


O)C»coocoG4vHoieo^ooo)coco0>Qoeor*     oi  *4*  co  oo  c«  «d  *« «-« o 


CO  t«  rH  (>«  0>  kA  CO  X 

•        ••••••• 

t*  t^  **  **  r*  CO 


AkOCDooco«HO>eocc^aooo^o^o«oo»     o>ooco^OQOi»otooooo 

coiH^cc<-40)  AOr'oqocoiHcor^SOpkO     ^P^oo«p(St^kAgp*H^kA^ 
«^  t^  !«•  t*  r- 1*  ©  t^  t*  i>  ®  «*  t*  t*  t^  t*  i>  t*     r»  r»  r»  r»  00  e*  1^  I*  QD  t^  00 1* 


OC6O^C0k0kA«-« 

Sgg38g3S" 


Oi^ooc«7oaoo>'<'09»coc4oc« 

ssss'ssssssssss 


OCOI^COOOO 

•       «•••• 

(AkA  kA  kA  kACO 


kO 


ot«o» 

sss 


•^oco^co^ 

<_  >     _•    _•     _»        •        • 

SSSScoS 


kA  a>  CO  ^  o  0)  ro 

. . 


Oi «  o>  ** '^  o  iM  ^ 
. .    • .    . 


sssssss  ssssssssg 


QftO 


OOCOCOOOO 

•       •••«• 

nOOOOODCOi-l 
^^^'*'*kO 


Oi 

^ 


00 

kA 


s 


0«  <<«•  CO  C9  0«  CO 

•       .  •       •       •  ^  • 

000)0>CO|2 
kAkO^rr  ^^ 


OCOO 
kA  ^  ^ 


COO 

cSoS 


coe« 


OCO<«0'<4>0) 

_  _♦  •  •         •         _9  • 

OpkAkQ^^aQ^^ 
iOCOkAiOkACD 


0)0 

3S 


oeo««oooo 

^  CO  CO  ^  CO  CO 


s; 


o 
o 


00 


iHOOCOCOkA  t« 

•         ••••• 

CO  00  CO  ^  00  00 


COQQOD 
^  CO  CO 


^kA 


o>** 


o>r<-oo)^co 

S^^^kAkA 


l»kA 


s 


o  o  o  00  00  CO  o)  ^• 


•       •       • 


gO)  OOOOO  JQA 
CO  ^  ^  oo  ^  CO  00 


0* 

4 


O) 


kAOr«  t«-kAt* 

oo  ^  "V  ^  ^  CO 


fHOO 


CO  00 

eoo> 


<«kAkO 


.■■••• 


lOO 

kAm 


444 


REPORT   OF  THE   CHIEF   SIGNAL   OFFICER. 


P 


o 


8 


P 

d 


o 


o 

O 


bo 

D 


"^  O)  CO 


CO 


OOP  ^CO  ^»H 
C9*  CD  ^  Cj5  QO  0* 


CO 


»H      •OSO^t^ 


CO 


•  &  S  f*  to 


'(^  CO  W  01  W  lO  •-•  C*  "^ 

iHosweocjoie^oaD 
^kOiAiOkOcoiat«co 


cooaocoi-<iC9r«i-^oo*AOQiaokAc^o 
^tO'^k5coiocotO'4*ia'WkO'«coia 


C0^kAa0O9)Ot»0>OO^OS00>t^ 


SSS3l»t»t^CoSb>CoScOCOt»& 


QO«-icocoo>9)ao»'«Qi-^oeot»^o 

•   ••••••••••  _  •   •   •  ^  •  ^5 

SCO'-<COlOCOiF-i«^e>r-l*-«C*;OrHt*OI 


o^»o*aoco»F-i'*'*iOt«- 


OiHCO^ 


»H  QD  !>.  -^  i-<  rO  O 

to  t25  lA  CO  !■«  t^  CO 


fcO  QO  Oi  lO  CO  Oi -^  2« 
CO 


:  lO  »o  rf  CO  r- 


kOCOOOCOI>0^ 

•        ••••««• 

Oi -^  O  «  CO  Q  rH  O 

^^^^lOcokOio 


01  iO  <«  t^  9)9)  kO  CO 


8SSSi^?&S 


128 


CO 


X  -^o-* 


s 


COCOO*-«0) 
dtAiOCOkO 


CO  CO  Q«  e«  lO  D 

•        •        • 


•^  ^OiO»— t* 

C5  lO** 


OCIkftC0«O 


0i  O)  70  Q«  00  to 

CO  r*  CO  «o  CO  CO 


uocoaOkOt^9)o>coioo)tAaoofttox» 
<oc0cocor>c«r*cot»f»t«cot«r«co 


0)C0O0)0)C00>U0 


cesssssss: 


eokoooitao 


OD  QO  00  CO* 


•  r»i^ 


0S 
O 

Pi 

bS 

H 


H 

o 

9 


d 


vHCOOO 


eoojio 

00  00  00 


94  91  CO  00  0>  O)  1-1  O 


kOCO0DC<> 


QOO^coc4^aooaDox«-iO)go« 


ssasssss' 


do  oo  00  00 


gssssssssssssgss 


9 

a 

0 

•-a 


•         •  • 


a0k0^aD0d»HO00 

•       •■■       •••• 

piO»l'»COQO?0«-^0 

f"r«r»Xr»t>aO'X) 


9»t^o>»^ 


)aDS 


coo^cocotot^oceooQo 


>OCD 


el 


P4 


c8 


a 
•-a 


OD 

d 
o 


OQ 


»-if-«00CO^Oit^Q0rH  » 

•  ••••«•••« 

o*ei»-<'^'^coo>c5ccco 
t«4>>i^t»t»t^r«tot*c0 


0(0 


9iao<« 


lO 


Ci  00  00  »*«•  «-^  "^  O 

CO  <o  ;o  CO  r«  t>  i> 


oit^oi 


kO 


ss 


or*  ^ 

•  ■  • 
Q0>^  no 
•^  ^  ^ 


00  COO 

•       •       • 

o  — o> 

COCOlO 


o>oo 

•       «       • 

iii  nO 


•       •       • 

COtQiN. 

tft  in  kO 


d 
d; 


d 

o 


ee 


CO 


o 


OB 
H 


S  d 


00 


TO 


lO 


»o 

CO 


111 


«»  o  .2  O  a 

®'S'^  ap  «8     -  « 

bo«  a  d  H  o  S<M 

oooood*« 
OOOOQqQQ 


kO 
CO 


00 o oo « CO oi o> 00 o» t* o  1-1  o o CO t*    •    'Tin 


OlCOiOkC'* 


SCOiAOODAO^AOeO 
cocot»^•^•cococo^-c» 


^s 


»* 

CO 


»-l0940i9ICO'*<NCOaDt*aO 

U3t>.^^CieO»i5»Q>CQCOr2 

"^coc^cocococOkOcor^i^co 


O-^OlOiOli-^Oi-lCOQDaOOJ 

•   ••••••••••• 

"^COlOeOt^QOODOICO^iO 
kOiOQStOkOkOiO^kOCOCOkO 


00 


o^;oi-ir-iaO'«o)C)0)kOO 

l>.t>.C*OQ»Ot*^b»QO'— t^ 

rr-^COiAkO'^TCOeO'^kOCO'^ 


lO 


oaorHirteooi-^i^^oiO® 

eoOt«^COO)^70<-^COt»kA 
*tr'^lO'«f'«'COCOCO^iOiO'9« 


*d 

'^-•'T;    CD  1-M       •    »^ 

>  .*  g  o  o -r 


eg" 


9»0 


kO 


O  CO  ^ 


kO 


s 


(»ao 


■^^  r^  •^^    ^^     fa  ^~    ^    "^  »  ^BF 

^*^  ©  «  O  J  o—  «  w 

d^d^ooooooooooO'OfieSAcB  ^.Smm 


REPORT   OF   THE   CHIEF   SIGNAL   OFFICER. 


445 


CO  o  ;oo)  c«o 
ad  10  *^  >>'^  :c  ad 

CD  to  CO  CO  ^  CO 


0*0000* 

»/5  o  00  CO 
cocoS>«o 


ococo 


CO  0)33 


CO 


•        • 

coco 


0>  to  O)  O  to  CO 

•        #        •        •        •        • 

SC2  'M  » CO  « 
irt  lO  ■«»  ^  lO 


, 

•^f  5i 

t>    • 

to  ^ 

•  lO     > 

r»t«aot^aoococooi'<^aoor-iiooo)Ot<-ir^o 
cSS^ScoSSSosScoStocoiortS^iocoS 


O  O  CO  t«  d  G)  CO  eO«0  *-4 1-(  O  Oi  O  CO  GO 
CQCwCQCQCQOQCQOQCQOtCQ^COCQC'v^ 


^<«OCOCOt»0)  •  O  CO '^  O)  ^  eO  <«9<  00  O  CO  lA  00 

^  ^  b»  ^^ »-«  ** 00  *Oi 
lA  l6  iC  lO  lO  &0 -^  1^ 


>oiOiF-it»<oi/50«'^»oi^iri 

PirtioiOCO'^'^<0»0'*iOlO 


eocooaocoo)i-ico<^i»ooo>QOt^o;o 

C0P0CO^09OIC0fi*5p5O)C^C09093^^ 


eOCOO»OCOiHOCO'^'<»'iOlOOD^»-«»OOOTHiH^CiOiH 

oaoor*coo7j«c^cD-50cD6jcoc2»ACicoQOO>r*iot* 

CD?-r*COCOOCOCOCDCOt«^COCOCOC^COCOCO<OiACOCO 


'^c^o>ooaor«coo4coocoao^(9>co 

•        •        *        •        •   •        •  •    .  _•        «*••«*• 

•-lOiOi^ojaDioaDaDOir-iojT-^fH^*-! 


t^<ocooocooit^otocDa»oo)co'^t^r^e>cooaoot» 

«■#•••  •   •   •   •   •   •    •   •  •  •   •••••■■• 

t>>r»c^t^t»t«^cot>-t^i^t»vt^®t^t»t«(ot^cor«t»r« 


QO^^lOr-lCOOi^t^OltOCOr-lOOCOaD 

•         •■••••••••••••a 

l0^OC0l0iAC03t0^k0l0C0k0C0tN. 


C«0)0lk0OC0^C00»Cf3i-Ha0C0C0C0-^ 

,-i*Mco*-io5iaocoo3«r:Ji:::;^2*SC>co 
aoaot<«QOQOQOi>aDQ030QOQOt»oot^ao 


lA  00 -^i*  CO  o»  o 

•       •       •       '  _  J   _  J 

SSooSxao 


00  CO -nr—*  CO 

t«  00  00  GO  00 


COOQO 

t«oo 


iHXi^9)ococo     taiHcoo>cooie)Otj)«-^oocot^oi'^t» 

^2IQ«ooo2S®      qicor:J«-*r*S^raop>c>cor*iftO|<*«> 
r*  00  00 1^  c^  00 1^     coaoaoc^i«t^aot^<Oir:t>.c^t»»^f^ao 


»H  oi  fc*  CO  r*  r*  CO 
<•••••■ 

CO  IQ  »H  CO  CO  a  CO 
t^  X  GO  t»  00  X>  30 


r-l<^kOOIQOOIOOO« 

•         •••■•••• 

'~'55^«EJO'W"5co»ra 
t^aoaoQOt^t^aot^t^ 


00  coo 


*^  CO 


coaor^o>t^^€Ot»coif5'^co 


■       •       • 

t*o  "^ 
Nl^OO 


00  ua  o  otio  oo^ 

•       •«*••• 

*-i  55  o  iH  CO  no  uo 

t*  30  C*  »0  t*  t»  fr* 


OD  00  O)  00  t^  CO '^  iH 

•        ■•■■••• 

CO  OD  t«  t»  C5  CO  t^  ^ 


OIOOO) 

•       •       • 

nooco 
cot«^ 


COCO 


cd-^OOD^COCOOOCiOli-t^ 

cocooTHoio5coo-«oi?oi-* 
i>»t«.t*t>»r*<or*t*i>t»t*t* 


0)0<0) 

oiqiod 
t^cot^ 


o>  r«  CO  00  O)  CO  00      cooaOr-ieoot^iH 

•       •■•••• 

7*  IJO  0»  CO  «-•  CO  »H 

r*  f*  i>*  CD  ts.  isi  I'* 


■*  CO  CO  00  CO  1^  ^  ift 
iO  CO  CO  lO  lO  lA  O  CO 


0>  CO  CO 

«   •   • 

t>.»HCO 


00 


O00*0«0t-i 


fHWoioao 
"»  go  of  oi  qo 

'5  CD  >0  CO  CO 


OODO 

•        •        • 

Soco 
cor« 


OOCOOCOOO) 

»  qj  sj  CO  oi  ^ 

(OCDCOU3COCO 


^^t^OdCOCO' 

•         •■••• 

*Mt»00THOIi/5 
CO  lA  lO  lO  kO  kO 


O  lACO  O>C0  ^ 

o  QQ  Q  i^  qo  O) 
cokScoiOtO^ 


^-^OiCO 
lO  lOiOiO 


i0  9>  kO 

•   •   • 

lOiOCO 


**  »o  ^ 

«   «   • 

0  9)0> 
kOiO  kO 


•   • 

q^oo 

lOkO 


ooioooiAro 

•  •       *       %       »      » 

r^  00  00  r-(  O)  CO 
^p  ^  ^'  ^^^  ^  ^ 


kOOl 


r* 

■* 


0<COt»OOCOOI 

•       ••••• 

iocoir>*-«oeo 


iOC*00) 

•       •       •       • 


0)OiA 

eOOD  r^ 
^  ^  CO 


OOOOOrH 
i-I  irf  wo  CO  lO  o< 


cocook0^r« 

•        ••■•« 

!>.  00  0> '*  lO  t- 

c«  55  oi  *-•  »-*  ©I 


0«  00  »<•  00  c*  »^ 

•        ••••• 

•M  Oi  t-i  "^  oc  •-< 
lO  ^riO'^  ^  »a 


•        •       •       • 

»0  »^  *M  Oi 
^  ifl  »o  "^ 


ooo> 

•        ■        • 

^  ^  lO 


^coco 

•        •        • 

go  1^-^ 
CO  lAtO 


fl-r 

c  a 


'•'    '"'    ..•>    »^ 


|0» 


r*ao 


kOOiOiO  OOO) 

•        ••••• 

o>  OO  *-- CO  CO  t^ 
rH  T-tOI  rH 


c8a8oa®®«i«©c5eec8«.-^or::3o8at^. 


u 

a 

O  •»^ 

CP  eS 


a  a 

o  « 

s  :  goo 

Pi  «  o  a  a 
feOgQQQg 

►   ©  .S  +3  *a  -»a  5 
c9  s  ^  i"   ^  ^^rS 

..  ©1-5  o  o  o  o  ® 


;oo 


o 

CO 


2S 


as 


>» 

m 


00 

si 


•  *A*4    '  rt  S  ®  f5  o 

'^  5  "S  ^  ^^^  s  « -» 


v^ 


BEPOHT  OF  THE  CHIEF  SIGNAL  OPFICEE. 


j 

°  ; 

i  5 

° 

% 

i 

5 

3 

i 

! 

s 

$ 

* 

; 

s 

OCT 

S5 

SS  : 

;i 

ii 

iiiSSiiiliiJi 

SiiiiliSSi 

liSiSii^SiiSi 

s 

°SS    SSSiS! 

iiSiiiiiii 

Si;!SSS£^S3'S'3'£^ 

1 

°ii  5i5i 

s's'ssss^ 

ss 

ilSSSS^Sili 

:^ 

^ 

^ 

°i3  iiii 

s 

iiSss 

01 -w 

°s^  ss'gs 

s 

!imi 

ii    CSSRKSR^SSSS  i 

it: 

1 

= 

?  iiKii 

iiiii 

soo)     "a»tootfsoEcs*»ot-o   ! 

i^ 

1 

° 

sSsSs'ssss  iisSssSSi 

OI0     • 

:S 

1 

" 

i  iSsiii 

5SSSSSSS  :si4si!i:ii  j 

il 

i 

° 

«     to  — »a>t.iN 

3  iiiSi^^^^ 

iiSiiiii 

S;  i 

|5 

1 

°Si  iiiiSi 

goo    ; 

IS 

s 

°5S  liiSi 

^Mui^-M 

5RSR3;!; 

it  \ 

is 

1 

3 

III 

t 

i 

'-, 

1 
1 

£ 

i 
1 

1 
1 

I 

1 

j 
1 

J 

1 
1 

t 

1 
1 

i 

I 

1 

j 

i 

> 

1 

1 

j 

1 

I 

I 

1 

i 
1 

ill 

I  :  ; 

i 

3!Q 

REPORT  OF   THE   CHIEF   SIGNAL  OFFICER. 


447 


s 


•  •     ■     • 

•  lO  »A  tO 


Oi o 00 ©•  I* «c  •* *-•   #«ocoeo 
a> f-1  ©» t-i r-t r<. 00 oi    •co'M^ 


CO        »H 


s 


0)co 


•        ••••* 

^  ^  05  **  •'I'  .■^ 


ooQ«o(C09tco-^oeoooiao'^o«o 


•       •       •       « 


o  iA^»^      oooicoao 

CO  «*  ^  lO        CO  CO  CO  CO 


00  ^00  00  O  CO 

•        •        •        •        •        • 

QOa>Q«-iQCO 
^  ^  ilA  lO  A  ^ 


ao«-40ioocooocoo»h>oicor*o 


cooioo 

^  p5  '^  CO 


COOOOkO 

•        • 

OiCO 
co^ 


P^COQDO 


<ocoo>o 

CO  CO  CO  CO 


COtOt^CO^O) 
kO  lO  kO  tO  &0  ««• 


■^roo^k03«00(Di-4^*H^^O) 

CO(OqOOOQmp^^O)r-IO«<9CQh*<D 

%oiou?irdkntAkOio^kQiAidiLOUdi& 


OliOOiA 

•     «     •     • 

ooaoor* 


ooco^ 


OCDOtOO 

•         •         •         • 

c«coeo*-« 


o»coiAooo«oo)     r«oooto»ioo^oifi4r-i00o)'«^io     t<*or*oo 

_»  •  •  •  •    ^J  •  «i    •    •  S   J.J-T       J    ^ J  •  ■  •  •     ___»  »  •  •    __»  •  •      _«  •  • 

t^  CG  to  ^  CO  CO  "«•       uSkoSSiOCDiOSlOloSkOCCtOQD       <§Q>ScSS 


COOOQDi-i       CO 

• *         •         •  • 


o&co 


lO 


CtOOr^QO       OCOOfHC^COCOfc^OiCOOl 


cocoo« 


otcoaOfHc«tc 


vSco^coS^St»i>      S 

• 


coo 


8 


CO  0«  t^  0>       to  CO 


lOCOgg 


l*t* 


ss 


iH  ^  l^  Ol  OJ  1*  01  o 

•       ••••••• 

CO  ::4  CO  O)  <^  CD  00  c« 
t^  CO  t«  lo  CO  kO  to  r* 


pO)QD 

r^cor* 


d  lO  O)  CO  kO  01  ^  CO  CO  fH 

•        •       ^«        •        •        •        •        tt        «  « 

CO  tH  ^  <3>  CO  r*  **  so  00  o 

t*  t^  l*  CO  t*  t^  t*  t*  t>.  t^ 


oco 

OQO 


CO 


QIOOO'^  OCO 

■        •       »       •  •       • 

gi&kOiai  ocQ 

t»  t«  CO  kO  CO  lO 


^t^OI>OOOI04 

•     _•     _  »        »        «        •        ■        ft 


COOOiO 
t-«0 

cot« 


oao^Qocoo>aoiHO)     co 

•       •       «       •       •       •       •    _»       «  » 

Sco^co^  vSr«  t^     3 


o«o 


0« 


OOOOOt       OOfH 


♦'S 


S8« 


CO 


kO 


o^ocoi^oiotkoo 
r*i«<-^^r*c»coA 

kOkOCOiOkOiOkOkO 


^kOOO 


Od^COCO 


CO 


00       t^-^^©»0» 

•  •       •       •       •  _  J 

kO       SkO  kOkoS 


ig 


C«0l^ 

•       ■       • 

COCOOi 


kOkO 


O^OOOOOOCQQO 

kOkoSSkoS^^kO 


•^ooo 

lOuSkO 


CO 
kO 


^       00»Ht-««*|> 
^C  ^  '^f  ^  ^ 


otooiooo     eoo) 


CO 


^  CO  ©  CO 

^J*  ^'  11'  ^ 


OiiH 
"^kO 


O  <«  f-i  CO  00  CO  CO  00  CO  CO  kO  o       ^ 

ol  o>  ol  o>  o>  kO  CO  CO  o>  Q  oS  CO  go 

k0^kO^^^!<*'»^lO'^kO       « 


• 

CO 


00     oeooooo) 

^        CO  CO  CO  CO  00 


GO 


t«'«o>kO     eod 


*HaoQO«H;ocOkOOOiHO(X     ih 


s 


90     kocoeosioi 

•  •        *        •        •        • 

aiOtOOOl^ 


o 
o 


0)0000 

"*>  ^  W  CO 


o^ 


kO  CO  CO  C«  CO  kO  9>  01  CO  •«  «H  r.       r-i 


CO 
CO 


00     otcov-iaooo 

•  _»  _  *       •  _  J       t 


s 

o 

« 

o  «a  5  o.a 


;h« 


2§^ 


o 


•2 •2'^  Sa 


«  « 


'iSScg'e^WM 


i 


o  a 


e)  P  M  b  g  ki  ($  >^^  <D  o  -♦>  5  9 


'§^? 


4  t«  S 


09 


B*^  O  g  d 

3  .^  s  •  5;  Q  ^ 


BEPOET   OP   THE   CHIEF   8I0NAL    OFFICES. 


i 

= 

ii^ 

>;, 

^ 

; 

s 

S 

is 

s 

J 

SI 

3 

f 

i 

s 

1 

I 

553Si 

1 

° 

Eisissi 

SSIS^ 

s'Siiii 

1 

° 

|i25 

iSSiSSSSSiSSSiSSKS 

^5SiS 

S25is"5 

t 

S 

"iissliS^^^^g^ 

iSiliil 

5iS3J 

ss'ssss 

i 

"Kiiiiiiiliii 

iiiii^i 

iiiii 

E'llSiS 

i 

:ot^ac-vu3s>«     »c.-"«o 

ISsSs'i 

s 

-1 

0<0010C=(C 

igis'sSE 

i?8-55i 

is  siSSss 

ei&m  : 

1 

i 

°  s'iiils 

iiliiiliSiiSs 

iS  i5i|iii5Mii 

I 

a 

°  Sillil 

iS^iSi 

SiiSi  i 

jS  ls'i|25|SliSS 

< 

■  onootM    . 

iiSsi 

iS  iiJiiSSISiii 

i 

° 

COO    -en 

i^SSfeSS^g^SSis  : 

5 

1 

" 

cdoid  I 

isasss 

d;Ja!o;rf   i 

i"  JSisSs'sisSia 

S 

i 

- 

||i: 

jSsiSiS;^ 

^liP  i 

1 

.s 

is 

^ 

1 
1 

1 
f 

1 

, 

1 

as 

i 

1 

!l 

..S 
I'- 

^ 

1= 

M- 

II 

i 

lllli 
IISIIl 

11942— sio  90 29 


450 


REPORT   OF   THE    CHIEF   SIGNAL   OFFICER. 


APPENDIX    Z2--Continued. 


Table  of  Maximum  and  Mimimum  Tsmfebaturbs  and  Annual  Rangs  of  Tkm 
OBSERVKRSy  Voluntary  and  State  Weather  Service  OBasmvERB,  United 
Society  and  Operators  and  Agents  of  the  Pacific  Railway  System. 

[NoTB— Letters  of  alphabet  denote  nunber  of  days  mieelBf  tnm 


January. 

February. 

March. 

AprU. 

1 

Biay. 

StstiouH. 

• 

8 

o 

67 
66 
69 
73 

• 

a 

i 

o 

28 
24 
24 
27 

• 

1 

o 

75 
78 
75 
75 

• 

a 

o 

18 

20 

9 

22 

i 

o 

76 
80 

• 

a 

s 

• 

e 

a 

a 

1 

• 

a 

Alabama: 

Aabnm  ...... ...... .... 

o 

30 
31 

o 

82 
85 
85 
91 
75 

0 

38 
38 
42 
43 
42 

0 

89 
90 

0 

45 
45 

Bermnda 

Boiler 

Citronelle 

82 

36 

96 
91 
94 
95 
91 

42! 

ColambiaDa ............ 

27i 

Decatur  (2) 

31 

ElkmoDt . .......... .... 

•75 

f22 

78 

28 

85 

40 

37  ' 

Eufanla 

42 

ETenrreeii .............. 

Fayette  C.  H 

... 

-...., 

Florence 

bS 

19 

72 

18 

76 

33 

79 

41 

86 
93 
92 
90 
91 
'90 
91 
85 
92 
87 
93 
88 
89 
94 
96 
93 
88 
87 
92 
91 
92 
90 
90 
96 

61 

46 
42 
38 

Fort  DcDoeit ........... 

Gadsden 

02 
66 
67 

19 
26 
26 

70 
80 
79 

13 
20 
20 

78 
82 
80 

28 
34 
33 

85 
84 
83 

34 
42 
40 

GreensboroQffb  ......... 

42  1 

Livinsrston  (1)........... 

42  i 

LiviniTBton  (2) 

U1  ' 

Marion . ...... ...... .... 

•  «  «  •  • 

37 

Mobile 

69 
70 
66 
71 

31 
26 
17 
24 

70 
80 
73 
76 

29 
21 
11 
22 

77 
82 
80 
83 
79 
76 

38 
33 
26 
33 
35 
23 

85 
87 
88 
90 
89 
83 

44 
41 
39 
42 
31 
30 

46 

Montsomerv 

44 

38 
42 
45 
37 
44 

Motes 

Monnt  Vernon  Barracks 
Mount  Willinir 

New  Market 

61 

18 

78 

9 

Ooelika 

Pine  Annie 

40 

SelmaQ) 

72 

64 
66 
63 

26 
21 
21 
21 

43 

Talladefira 

76 
75 
74 

15 
14 
15 

79 
75 
85 

28 
26 
27 

82 
80 
85 

36 
37 
41 

48 
41 
45 
32 
48 
41 
34 
42 

33 

Tasoaloosa 

Tascumbia  (I) 

Tnsonmbia  (2) 

Union  Sorinirs 

71 
66 
63 

28 
26 
15 

77 
79 
68 

30 

24 

7 

t 

81 
80 
83 

52 

34 
30 
20 
32 

24 

85 
84 
81 
90 

55 

42 
41 
32 
37 

26 

Union  town 

Valley  Head 

WiflTflrins  ..   ............ 

oo  **^    ......  •*.•  .... 

Alaska : 

Killisnoo 

52 

21 

45 

11 

Arisona : 

Banvharts ...... . .-.. 

Benson.  ................ 

65 
71 
58 

30 
35 
19 

69 
72 

66 

24 

40 
20 

"  80 
89 

42 
53 

92 
99 

50 
54 

98 
104 

57 

m 

19 

45 

30 
30 
44 
44 
42 

Casa  Grande 

Eagle  Pass  (Cnrtis) 

Flasstaff ....  - 

25 
44 

30 
32 

40 
40 

38 

95 
102 
93 
92 
91 
92 
91 

Florence 

67 

60 

J  57 

56 

26 
7 
6 

19 

73 
63 
60 
60 
60 
65 

25 
6 
5 
21 
14 
22 

84 
74 
79 
75 
75 
76 

41 
24 
25 
35 
30 
34 

■99' 

87 
86 
86 
86 
86 

Fort  Apacbe  (1) 

Fort  Apache  (2) 

Fort  Bowie  (1) 

Fort  Bowie  (iS 

Fort  Grant 

61 

20 
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APPENDIX    12  — Continued. 

PERATURKS    FOR    1889»  COMPILSD    FROM    REPORTS    OF    RSGUULR    SlONAL    SEKVICB 

States  Post  Surgeons,  Observers  of  the  New  England  Meteorological 


the  zeooxd ;  tha*  "  o  '*  indioates  that  three  d*yt  ere  mieeing.  1 


Jnne. 

July. 

Angast. 

September. 

October. 

November. 

December. 

* 

M 

• 

a 

i 

• 

s 

• 

• 

a 

• 

• 

• 

OS 

a 
•*« 

0 

38 
36 

• 

1 

• 

• 

• 

a 

0 

29 
25 
26 
29 
23 

• 

O 

92 
92 
95 
100 
93 
94 
96 
94 
97 
90 
86 
96 

o 

46 

43 
46 
'•60 
38 
48 
46 
44 
39 
45 
45 

o 

98 
94 
93 
99 
96 
98 
94 
96 
99 
91 

o 

68 
70 
68 
68 
65 
64 
66 
68 
68 
63 

0 

92 
90 
93 
96 
92 
92 
90 
94 
96 
91 

0 

63 
63 
62 
55 
58 
56 
62 
62 
61 
62 

0 

93 
92 
92 
UOO 
94 
94 
90 
96 
95 
91 

0 

48 
48 
44 
149 
42 
42 
42 
46 
45 
44 

0 

82 
84 

0 

76 
76 
82 

0 

24 
22 
24 

0 

74 
78 
77 
82 
75 

0 

80 
74 

&5 
82 
79 
84 
88 
81 

• 

33 
32 
31 
40 
33 
33 

75 
76 
72 
80 
76 
78 

20 
22 
27 
30 
22 
20 

■75 

36 

76 

22 

98 

69 

95 

61 

95 

47 

85 
82 
86 

86 
.88 
86 
85 
87 

38 
32 
40 
35 
32 
32 
43 
39 

76 
78 
76 
76 
76 
76 
77 
77 

27 
2:{ 
26 
22 
20 
20 
30 
27 

77 

76 
77 

24 

30 
26 

94 
92 
94 
94 
92 
94 
92 
97 

46 
45 
42 

:« 

50 
48 
41 
48 

93 
94 
94 
94 
95 
99 
92 

100 
94 
88 

100 

100 
98 

100 
91 
92 
94 
98 
94 
95 
«102 

72 

110 
102 
116 

72 
68 
66 
62 
70 
66 
62 
65 
70 
59 
66 
66 
67 
67 
66 
68 
58 
70 
67 
62 
«62 

45 

'75' 

78 
69 
40 
66 
54 
55 
62 
62 
58 

92 
89 
92 
94 
96 
94 
90 
96 

68 

f8 
£6 
66 
63 
61 
61 

96 
»»92 
94 
93 
93 
95 
91 
^98 
92 

52 

h47 

44 
44 
53 
50 
45 
47 
48 

76 

74 

.  •  •   • 

77 
79 

"32' 
29 

•  •  •  • 

67 
78 

92 
84 

38 
39 

80 

"2^ 

81 

28 

78 

80 
96 
98 
96 

9:} 

89 
89 
90 
96 
95 
68 
101 

74 

38 
44 
40 
43 
42 
43 
50 
36 
66 
44 
36 
48 

38 

96 
94 
95 

62 
56 
62 

■  ■ " 

78 
76 
80 

40 
26 
26 

92 

^96 

40 

d47 

90 
88 

82 
36 

90 
92 
90 

62 
56 
61 

92 
90 
92 
95 
94 
89 
99 

63 

44 
47 

40 
48 
48 
36 
55 

13 

1 

83 
86 
87 
87 
90 
88 

37 
28 
38 
39 
27 
36 

78 
80 
75 
75 
72 

25 
20 
21 
24 
22 

74 

24 

77 

92 

90 

^97 

70 

104 
101 
114 

"89* 
110 
95 
96 
95 
97 
97 

64 

51 
»»60 

40 

76 
76 
82 

41 

81 

90 

"59* 
75 
72 
66 
67 
74 
71 

28 
20 
28 

18 

26 
29 
40 
28 
—  5 
31 
17 
17 
24 
25 
27 

71 
88 

51 

81 
76 
94 

24 

20 
31 
48 
25 
9 
32 
16 
16 
25 
27 
26 

- 

100 
112 

74 

70 

74 

79 
64 
46 
70 
55 
52 
63 
62 
62 

95 
109 

54 

68 

90 
109 

52 
53 

78 
81 

100 
109 
99 
98 
.94 
94 
98 

30 
57 
44 
42 
56 
56 
51 

102 
HI 
101 
102 
101 
101 
100 

85 
99 
90 
90 
90 
92 
93 

31 
51 
52 
32 
36 
32 
40 

79 
99 

88 
87 
81 
81 

88 

21 
35 
27 
21 
39 
46 
39 

57 
84 
76 
69 
70 
70 
72 

•  «  •  M 

86 
95 
97 
82 
87 
80 
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Table  of  Maximum  and  Mikimum  Tkmpbraturbs  and 


Jannary. 

February. 

March. 

April. 

May. 

) 

1 

Stations. 

8 

• 

a 

MM 

• 

o 
69 

"78' 
80 
74 
68 
70 
71 

• 

p 

• 

8 

• 

o 

32 
35 
38 
37 
43 
33 
29 
29 

• 

M 

H 

ATizon»— Continaed. 

Fort  Haacbncft .  ---- .... 

o 

54 
72 
67 
72 
68 
65 
62 
62 

o 

23 
25 
26 
25 
30 
22 
15 
15 

21 
22 
26 
26 
28 
21 
14 
14 

o 

80 
86 
85 

87 
88 
80 
80 
80 

O 

90 

100 

101 

108 

103 

96 

94 

94 

o 

37 
36 
39 
39 
34 
34 
34 
34 

0 

90 
105 
107 
110 
108 
100 
100 
100 

44 

Fort  Lowell 

37 

63 
45 
50 
31) 
40 
34 

Fort  McDowell  (1) 

Fort  McDowell  (2) 

Fort  MoJave 

Fort  Thomas 

Fort  Verde  n) 

Fort  Verde  (2) 

Gila  Bend 

1 

Globe  

62 
53 
56 

20 

7 

19 

69 
61 
70 

"io* 

22 

81 
75 
80 

"26' 
34 

94 

89 

88 

'"29" 

4a{ 

96 
94 

Holbrook 

29 

Unacbaca,  Meant 

Locbiel 

Maricona .  ...*.*  --  ^.--r-- 

80 
58 
65 

30 
27 
30 

70 
62 
71 

40 
29 
27 

82 

81 
85 

5e 
39 

40 

97 

98 

101 

58 
42 
44 

105 
99 
107 
106 
104 

60 

Pantano .- 

55' 

Peoria  ................. 

45 
48 
44 

PhcBnix 

San  Carlos  Agency 

San  Carlos 

64 

23 

68 

24 

84 

34 

99 

38 

San  Simon  .....^. ...... 

70 

30 

75 

25 

76 

34 

102 

40 

106 

40 

Siirnal 

Texas  Hill 

61 

30 

75 

39 

88 

55 

106 
86 

i95 
97 
82 
82 
95 
95 
76 
86 

104 

63 
45 
C43 
45 
22 
30 
25 
41 
21 
21 
46 

100 
93 

i>96 
99 

'87 
86 
99 
98 
83 

m\ 

Tombstone 

36.' 

Tnoson  CI) 

77 
70 

30 

38 

82 
69 

29 
39 

81 
80 

44 

44 

>'48' 

Tncson  (2^ 

49 

Volunteer  SDrinm ...... 

17, 

W  hippie  Barracks 

Wilcox  (1) 

54 
68 
65 
50 

—  8 

18 

25 

0 

59 
72 
72 

48 

—  4 

16 
29 

20 

69 
82 
82 
62 
71 
90 
79 

79 
78 
80 
78 
67 

25 
25 
34 
18 
21 
44 
55 

24 
31 
30 
30 
39 

32 

Wilcox  (2) 

54 
23 

Williams 

Winslow  ............... 

Ynma(l)..- 

72 

70 

61 

35 
41 

18 

78 
73 

75 
71 
74 
66 
69 

34 
41 

14 
26 
19 
25 
31 

107 

S)0 

Yama(2) 

Arkansas : 

Alexander...  ••• ........ 

82 
85 
83 
82 
81 

44 

45 
47 

48 
40 

87 

48 

Camden ................ 

Con  wav ................ 

64 
63 
50 

21 
15 
27 

87 
.  86 
85 
90 
86 

46 

Da vton  ................ 

43 

Dallas 

38 

Devall's  Bluff 

37, 

El  Dorado.... 

66 
66 
65 
66 
65 
64 

19 
5 
13 
19 
15 
21 
15 
11 
20 
20 
24 

72 
76 
72 

78 
74 
77 
78 
72 
78 
78 
76 

18 
4 
16 
19 
12 
15 
14 
10 
17 
17 
19 

"76 

28 

42^ 

Enreka  Sorinm. ....  -_.- 

Fort  Smith 

83 

83 
75 
79 
80 

84 
79 
79 
78 

26 
30 
25 
27 
26 
22 
31 
23 
30 

87 
87 
85 
85 
85 
90 
82 
86 
81 

43 
44 
40 
42 

40 
36 
46 
38 

48 

90 
89 
88 
93 
90 
96 
88 
88 
85 

40. 

Forrest  City.... 

4*^ 
37 
40 
37 
36 
44 
50 
45 

w  •  •  •    •' 

Heber 

Helena.  ...•••..... 

Hot  SDrinirs ............ 

Lead  Hill 

65 
66 
66 
67 

Little  Rook 

Little  Rock  Barracks  . . . 
Lonoke ................. 

M alvem ...... ...... .... 

Monticello.  ............ 

C91 

89 
90 

84 

Newport . 

83 
84 

78 

86 
38 
43 

43 

41 

41 

1 

Osceola .- 

77 
72 

28 
26 

Ozone 

Pine  Bluff             -     . 

59 

9 

63 

11 

Prescott. 

*87 

4451 
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Annual  Range  of  Tbmpbkatures  fob  1889,  btc— Continned. 


Jane. 

July. 

August. 

September. 

October. 

November. 

December. 

• 

1 

• 

ii 

• 

• 
a 

O 

1 

• 

a 

• 

1 

• 

9 

• 
a 

3 

• 

1 

• 
a 

• 

• 

3 

1 

o 

o 

O 

o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

95 

51 

96 

55 

95 

51 

92 

39 

84 

40 

75 

23 

69 

27 

75 

108 

52 

111 

63 

108 

66 

101 

45 

101 

35 

92 

26 

87 

29 

89 

112 

50 

116 

67 

115 

72 

109 

52 

106 

:« 

84 

:i2 

77 

81 

90 

113 

54 

117 

67 

117 

71 

108 

51 

106 

38 

84 

81 

77 

82 

92 

113 

64 

120 

72 

116 

67 

113 

55 

107 

40 

75 

32 

72 

:« 

92 

104 

52 

109 

62 

106 

64 

103 

44 

93 

3;) 

72 

15 

71 

24 

94 

104 

52 

110 

61 

106 

63 

98 

43 

96 

34 

73 

23 

65 

26 

96 

104 

50 

110 

57 

106 

62 

99 

38 

97 

30 

rj 

20 

65 

26 

96 

112 
102 
100 

84 
**58' 

111 
102 

99 
109 

94 
115 
105 

78 
65 
59 
62 
67 
70 
71 

104 
100 
92 
93 
88 
98 
93 

64 
46 
87 
43 
46 
65 
54 

104 
89 
89 
89 

83 

54 
36 

28 
40 
43 

74 
70 

42 

15 

76 

42 

99 
99 

"ii' 

68 
77 
71 
73 
75 

18 
25 
26 
87 
:i5 

77 
73 

80 
80 

25 
26 
42 
37 

slOO 
115 
111 

C68 
80 
70 

106 
102 

75 

70 

85 

91 

55 

84 

112 
113 

54 
76 

108 
101 

50 
59 

100 
99 

41 
47 

78 
70 

34 
40 

69 
68 

83 
88 

109 

62 

112 

72 

■  *  »  * 

106 

54 

111 

65 

109 

57 

104 

42 

95 

36 

70 

26 

68 

28 

88 

°»110 

«54 

111 

64 

111 

65 

107 

46 

98 

34 

81 

27 

72 

26 

*  •  •  « 

102 
107 

60 
60 

110 
114 

70 

68 

110 
112 

70 
73 

105 
103 

51 
65 

101 

40 

77 

32 

67 

31 

•  •  •  * 

113 

72 

121 

85 

119 

86 

112 

71 

110 

60 

82 

37 

74 

45 

91 

98 

'102 

102 

92 

91 

54 

99 

63 

98 

«104 

106 

99 

94 

63 

"'85* 
40 
55 

74 
82 
75 

28 
32 
43 

100 

'53 

95 
92 

42 

59 

76 
75 

21 
84 

50 
28 
40 

100 

54 

87 

37 

•87 

28 

70 

20 

58 

18 

106 

105 

47 

106 

56 

104 

51 

98 

37 

89 

30 

77 

15 

72 

20 

91 

98 
91 

65 
32 

103 

•  89 

65 
40 

100 
81 

50 
30 

•98 
82 

39 

20 

79 
54 

30 
12 

78 
52 

34 
30 

96 

45 

96 

101 

54 

101 

50 

97 

52 

92 

46 

86 

34 

72 

16 

68 

8 

•  >  •  a 

^  109 

63 

117 

67 

114 

73 

106 

58 

106 

47 

83 

36 

TS 

38 

88 

105 

76 

108 

84 

108 

86 

102 

70 

98 

61 

76 

45 

70 

45 

«  •  *  • 

94 
94 

67 
65 

92 
92 

61 
61 

88 
91 

53 
47 

84 
86 

35 
35 

75 
71 

25 
26 

78 
78 

29 
2:) 

89 

57 

75 

89 
90 
96 

56 
50 
48 

96 

63 

95 

89 
96 

62 
70 
54 

70 
68 
86 

32 
20 
20 

98 

58 

94 

40 

86 

20 

78 

20 

•  •  «  • 

87 

47 

91 

62 

89 

58 

87 

48 

82 

84 

71 

21 

74 

26 

•  «  *  • 

95 
94 

50 
50 

98 
98 

53 
60 

98 

59" 

92 

42 

87 

31 

76 

21 

79 

26 

85 

95 

50 

94 

59 

92 

56 

90 

46 

86 

38 

75 

24 

80 

28 

76 

94 
94 
93 

44 
46 
44 

97 
98 
98 

56 
64 
55 

96 
94 
96 

57 
58 
52 

84 
84 
89 

31 
34 
45 

68 
76 
72 

18 
22 
23 

76 

19 

94 
93 

46 
50 

82 

26 

84 

100 

50 

107 

58 

101 

59 

94 

40 

91 

32 

76 

20 

80 

20 

97 

91 

51 

95 

65 

93 

61 

91 

50 

82 

86 

73 

26 

78 

26 

78 

91 

51 

95 

65 

97 

59 

94 

49 

86 

82 

73 

22 

78 

26 

80 

94 

53 

97 

64 

93 

62 

90 

53 

84 

38 

73 

25 

80 

28 

78 

•95 
94 

•54 
48 

102 
98 

58 
66 

98 
94 

52 
62 

82 
86 

52 
34 

77 
76 

82 

26 

76 
76 

54 
38 

94 

50 

«  •  •  « 

96 
91 

46 
45 

98 
93 

60 
62 

94 
94 

58 
58 

94 
92 

44 

46 

82 

86 

30 

8;) 

72 

77 

22 
21 

83 

25 

•  •  «  « 

86 

54 

91 

59 

87 

60 

82 

44 

80 

41 

67 

19 

71 

23 

82 

94 

50 

96 

66 

94 

62 

92 

50 

84 

34 

74 

28 

76 

28 

•  *  •  * 

88 

59 

94 

64 

92 

62 

88 

52 

80 

36 

72 

26 

mm  m  m 
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Tablk  or  Maximum  and  Minimum  Tempsraturss  and 


January, 

Febmary. 

March. 

April. 

May. 

1 

Stationd. 

• 

1 

• 
a 

• 

• 
a 

o 

17 
16 
22 
20 

i 

o 

81 
76 
82 
80 

• 

a 

0 

24 

28 
33 
28 

• 

9 

0 

85 

82 
88 

85 

• 

i 

0 

41 
44 

33 
42 

• 

s 

0 

90 

86 
90 
87 

• 

B 

i 
0 

38 
39 
44 

40 

Arkanaas— Continned. 

Rofisellville 

o 

o 

o 

75 

78 
85 
78 

Stattflrart 

65 
67 
79 

22 
20 
21 

• 

TMcarkana ............. 

Wasbinfrton 

WiDsIow  ..........•>.... 

1 

British  Colombia : 

New  Wdstminster 

California : 

Aloade.  ................ 

47 

60 
61 
68 

24 

30 
42 
31 

54 

70 
70 
74 

25 

29 
33 

a3 

65 

80 
75 
80 

31 

42 
45 
51 

71 

96 
70 
85 

85 

48 
49 
48 

78 

106 
77 
88 

45 
50 

Aloatraz  Island ... ...... 

49  1 

Alinaden ............... 

51  1 

Amerioan  Hill 

Anaheim 

74 
69 
73 
65 
65 
69 
64 
62 
6^ 
68 
71 

34 
28 
39 
30 
30 
28 
27 
30 
19 
32 
31 

80 
82 
82 
67 
76 
80 
76 
78 
74 
70 
77 

36 
27 
30 
30 
32 
26 
32 
28 
22 
30 
28 

80 
83 
86 
78 
80 
83 
79 
&* 
79 
74 
77 

•80 
74 
82 
56 
85 
78 
80 
90 
78 

101 
85 
86 
68 
77 
80 

"55* 

78 
76 
88 
80 
78 
85 
87 
77 
76 
80 
70 
80 
97 
83 
64 
81 
66 
89 

44 

41 
42 
38 
40 
45 
38 
48 
38 
43 
38 
<48 
48 
40 
18 
45 
34 

•» 

•42 

46 
51 
89 
35 
30 
41 
50 
45 
20 
29 
34 
40 
40 
46 
47 
35 
45 
44 
38 
30 
41 
50 
42 
27 
38 
39 
45 

94 
88 
77 
87 
75 
SI5 
83 
95 
94 
87 
77 
94 
75 
98 
78 
96 
87 
87 
87 
84 

104 
91 
87 
70 
71 
81 
86 
68 
83 
79 

102 
83 
89 
97 
88 
90 
80 
94 
75 
86 
95 
82 
79. 

88 
68 
91 

54 
44 
50 
43 
45 
47 
43 
54 
44 
40 
42 
50 
44 
44 
80 
48 
41 
52 
51 
56 
54 
45 
45 
31 
42 
54 
48 
28 
35 
38 
48 
45 
52 
50 
38 
48 
51 
39 
32 
46 
45 
48 
27 
42 
40 
51 

94 

98 
89 
97 

5U  i 

Anderson - 

45 
46 
37 

Anflr<*l    IWlftH'l          .r-^r- 

Antiooh  ...*.. ...... .... 

Antos 

80      4:1! 
105      &2I 

Atblone 

Anbnrn  . - 

89 
1U3 
104 

90 

89 
102 

86 
106 

89 

lot 

90 
95 

100 
98 

108 
99 
93 
70 
88 
93 

104 
77 
96 
94 

100 

105 

100 

104 
99 
94 
89 
79 
87 
97 

108 
85 
82 

102 
•  69 

100 

46 
54 
44 
43 
44 
53 
45 

Bakersfleld 

Barstow 

Beanmont 

Benicia  Barracks 

Berendo 

Berkeley 

60 
62 

36 
13 

70 
74 
60 
60 
77 
79 
80 
68 
89 
73 
85 
65 
74 
80 
78 
55 
66 
76 
84 
60 
72 
80 
79 
80 
70 
72 
58 
74 
100 
78 
68 
66 
68 
71 

34 
19 
—12 
30 
24 
26 
32 
26 
39 
32 
21 
28 
32 
38 
27 
3 
17 
22 
22 
30 
27 
25 
24 
29 
29 

:k) 

11 
27 

28 
28 
10 
30 
28 
28 

B»«»hoi>  &reek 

58 

Boca - 

30 
50 
45 
52 
47 
54 
56 
49 
44 
40 
47 
80 
48 
27 
36 
35 
54 
45 
54 
48 
40 
56 
54 
38 
38 
47 
50 
48 
30 
50 
44 
50 

Borden 

61 
65 
69 
69 
64 
92 
66 
67 

30 
25 
29 
30 
30 
42 
28 
24 

Bonlder  Creek 

Brentwood -. 

Brighton - 

Bvron 

Caotns 

Caliente 

Calistoga 

Campo 

CastroviUe 

63 
68 
66 
45 
60 
64 
84 
54 
64 
68 
68 
69 
66 
70 
50 
65 
70 
70 
56 
54 
71 
63 

32 
37 
31 
16 
11 
28 
26 
30 
32 
29 
27 
34 
27 
22 
7 
28 
31 
28 
20 
30 
29 
29 

Centreviile 

Chico 

Cisco  .............. . 

Coles 

Colfax 

Colton 

Cominir 

Davis 

Delano 

Delta 

Downey .- 

Dnnnigan 

Dausmnir 

Edgwood 

El  Dorado 

Elmira 

El  Verano i 

Emiifrant  Oan 

Esperanza 

Enreka 

Farmington 
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o 

g 

o 

g 

p 

0 

Q 

0 

0 

0 

0 

0 

0 

0 

(, 

H 

6S 

97 

59 

93 
92 

48 

86 

33 

73 

24 

93 

49 

95 

60 

93 

57 

44 

81 

30 

72 

SI 

"w 

■'si' 

'79 

94 

SO 

too 

68 

98 

60 

94 

53 

90 

33 

78 

28 

60 

40 

80 

89 

47 

98 

67 

04 

68 

90 

49 

87 

33 

74 

22 

79 

30 

78 

89 

57 

87 

65 

83 

36 

80 

40 

69 

17 

70 

10 

S4 

46 

90 

50 

«4 

48 

79 

40 

71 

39 

60 

31 

46 

20 

70 

105 

65 

114 

65 

110 

65 

106 

60 

85 

45 

70 

40 

65 

40 

65 

69 

50 

65 

48 

07 

60 

88 

51 

84 

51 

74 

48 

62 

41 

50 

90 

58 

93 

58 

95 

57 

97 

S3 

87 

47 

69 

43 

61 

35 

66 

m 

J52 

100 

56 

100 

60 

98 

48 

92 

41 

70 

71 

as 

B6 

60 

104 

58 

100 

63 

102 

60 

68 

52 

84 

45 

76 

42 

""76 

104 

60 

110 

63 

110 

60 

103 

47 

96 

37 

81 

31 

65 

27 

83 

87 

51 

81 

48 

84 

48 

95 

60. 

46 

83 

43 

65 

33 

65 

91 

53 
55 

104 
80 

59 
53 

88 
86 

48 
46 

80 
75 

40 

38 

64 

65 

37 
3D 

B5 

"bs' 

"so" 

"ee 

"is 

"m 

93 

55 

U4 

60 

114 

60 

108 

65 

toi 

43 

SO 

39 

70 

35 

88 

lOK 

61 

105 

56 

101 

59 

98 

46 

95 

45 

SO 

40 

58 

37 

79 

106 

71 

118 

67 

111 

56 

98 

63 

90 

53 

75 

41 

69 

36 

84 

l(H 

f>6 

113 

60 

109 

57 

104 

46 

97 

36 

75 

27 

04 

27 

93 

97 

55 

113 

70 

102 

69 

98 

60 

60 

49 

73 

47 

00 

35 

S3 

90 

51 

99 

50 

97 

51 

100 

51 

88 

45 

79 

40 

6i 

32 

72 

106 

68 

113 

60 

no 

60 

106 

61 

96 

46 

76 

40 

06 

78 

51 

85 

53 

79 

51 

87 

48 

82 

47 

74 

43 

60 

36 

■53 

105 

70 
36 

00 

114 
103 
114 

79 
40 
60 

109 
109 
111 

73 
33 
60 

10-2 

55 

66 

20 

-20 

36 

95 

"m 

99 

"23' 
38 

"74' 

"io 

36 

109 

m 

"ie 

"84 

90 

50 

96 

45 

100 

43 

100 

39 

00 

39 

78 

28 

78 

26 

76 

94 

65 

106 

«7 

102 

63 

100 

68 

92 

45 

77 

36 

70 

35 

79 

100 

58 

104 

65 

106 

59 

106 

60 

98 

45 

80 

40 

63 

«9 

7< 

96 

64 

108 

06 

102 

66 

102 

58 

90 

48 

74 

36 

63 

33 

83 

115 

68 

122 

83 

132 

78 

no 

72 

US 

58 

90 

54 

SO 

49 

83 

lOS 

64 

112 

70 

106 

70 

90 

60 

91 

43 

68 

47 

62 

40 

84 

98 

SO 

104 

48 

103 

50 

97 

38 

90 

40 

90 

29 

68 

38 

S3 

95 

44 

100 

SS 

103 

60 

95 

58 

85 

40 

65 

48 

65 

43 

71 

M 

69 

53 

73 

53 

84 

46 

65 

46 

73 

40 

65 

35 

"53 

93 

S8 

100 

58 

96 

58 

104 

06 

05 

62 

80 

46 

66 

38 

67 

106 

60 

114 

65 

115 

65 

103 

53 

96 

60 

75 

40 

60 

33 

88 

77 

44 

88 

49 

85 

45 

83 

39 

76 

32 

57 

28 

40 

30 

85 

98 

45 
56 

94 

"ioa" 

"«o' 

'ioo' 

"w' 

■'97' 

"54' 

"'92' 

■'40' 

"70' 

"w" 

"m 

"36 

"si 

102 

60 

114 

60 

111 

GO 

103 

58 

102 

48 

82 

40 

74 

32 

93 

108 

47 

111 

64 

106 

66 

109 

54 

98 

47 

80 

36 

70 

32 

81 

99 

58 

105 

53 

107 

56 

107 

54 

95 

49 

77 

38 

65 

36 

80 

lOG 

63 

112 

67 

108 

68 

106 

64 

101 

48 

72 

43 

67 

33 

87 

m 

58 

109 

56 

103 

54 

102 

44 

91 

40 

76 

37 

56 

32 

86 

64 

60 

95 

60 

93 

59 

96 

66 

84 

50 

83 

45 

70 

36 

67 

91 

63 

105 

60 

96 

68 

99 

60 

85 

60 

69 

45 

62 

37 

7« 

108 

45 

110 

48 

101 

48 

98 

43 

76 

38 

65 

36 

53 

26 

as 

94 

51 
60 

100 
106 

49 
61 

93 

104 

40 
«8 

85 
101 

36 
60 

70 
96 

37 
42 

65 

73 

23 

40 

98 

"57' 

"34' 

"79 

100 

fiO 

110 

S8 

110 

58 

105 

64 

100 

46 

80 

40 

65 

30 

82 

87 

59 

100 

52 

96 

60 

102 

46 

86 

44 

78 

33 

64 

32 

74 

84 

44 

90 

49 

88 

61 

87 

44 

78 

33 

60 

30 

44 

22 

80 

103 

60 

108 

5S 

105 

55 

108 

52 

88 

48 

68 

40 

60 

32 

78 

66 

45 

67 

46 

69 

47 

77 

40 

71 

41 

73 

38 

60 

34 

49 

101 

m 

no 

56 

107 

!S 

105 

53 

99 

43 

74 

36 

70 

36 

83 

456 
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Tablb  or  JCaximijm  ahd  IfDmnrM  Tbmpbratubbs  akp 


• 

Jannary. 

Febmary. 

March. 

ApxiL 

Mny. 

BttttiODB. 

• 

1 

• 

o 

24 
34 
27 
—  2 
19 
39 
28 
29 
32 
28 
25 
28 
26 
27 
29 
30 
29 
2 
27 
30 
24 

• 

o 

80 
86 
76 
60 
67 
67 
75 

"so* 

68 

82 
75 
78 
74 
71 
78 
70 
66 
87 
68 

• 

3 

• 

1 

i 

• 

M 

1 

• 
a 

• 

s 

* 

e 

3 

California— Continaed. 

Felton 

0 

71 
84 
64 
45 
54 
61 
63 
69 
71 
57 
62 
65 
67 
70 
62 
64 
77 
55 
66 
78 
72 

o 

24 
40 
32 
10 
13 
37 
27 
30 
28 
29 
24 
28 
26 
24 
23 
27 
29 
19 
26 
32 
28 

o 

85 
80 
80 
74 
74 
74 
84 
95 
78 
79 

"so' 

71 
81 
86 
83 
86 
75 
74 
98 
80 

o 

32 

48 
46 
23 
26 
45 
38 
43 
40 
48 
32 
38 
38 
38 
35 
40 
38 
27 
32 
47 
38 

0 

85 
90 
88 
80 
85 
72 
93 
94 
87 
84 

»>78 
85 
89 
85 
92 

*90 
85 
90 

0 

40 
51 
58 
22 
21 
46 
41 
50 
42 
46 
34 
45 
40 
45 
50 
<50 
52 
29 

0 

84 

88 

96 

90 

») 

84 

101 

106 

103 

82 

86 

96 

91 

91 

102 

0 

40 
50 
50 
30 
33 
47 
44 
SO 
46 
50 
36 
50 
38 
47 
50 

Floreno6 

Folflom  City 

FortBidwell 

Fort  Oaaton.... 

Fort  Maaon 

FrMnofl) 

Freano  ^2) 

Fmto 

Gait 

GM>rffeto wn  .-•.. 

Gilroy 

Girard 

Glen  Ellen 

GUwhen .•••. 

Hanford .. .--. . 

HolUeter 

Hombrook  .-.-. 

88 
102 

81 
105 
100 

90 

53 

38 
40 
62 
50 
40 

Hydesville 

Indio 

105 
90 

54 
45 

lone 

Iowa  City 

Jnlian  ..-. 

Keeler(l) 

59 
54 
66 
70 
60 
57 
62 
68 
65 
59 
60 
74 
62 
76 
71 
68 
62 
62 
75 
69 
76 
64 
68 
68 
91 
54 
70 

23 
27 
25 
25 
30 
32 
30 
30 
30 
39 
33 
30 
32 
31 
32 
28 
28 
29 
30 
29 
34 
32 
32 
32 
26 
0 
29 

72 

71 
72 
80 
72 
75 
70 
78 
78 
84 
73 
81 
71 
85 
84 
84 
71 
75 
80 
71 
80 
69 
72 
72 
96 
66 
70 

73 
70 

74 

21 
24 
20 
25 
32 
35 
32 
30 
28 
38 
24 
30 
29 
29 
33 
35 
32 
29 
30 
32 
36 
32 
26 
28 
28 
20 
28 

32 
22 
32 

75 
73 
72 
82 

84 
78 
80 
87 
79 
81 
82 
83 
81 
88 
81 
76 
81 
84 
91 
72 
82 
81 
86 
80 
90 
71 
68 

79 
64 
80 

36 
39 
38 
33 
45 
37 
41 
40 
40 
42 
44 
39 
45 
37 
44 
46 
45 
44 
50 
36 
48 
40 
42 
45 
38 
35 
42 

45 
31 
37 

86 
84 
84 
82 
94 
95 
94 
87 
86 
96 
92 
85 
90 
86 
93 
91 
92 
85 
106 
76 
85 
81 
92 
86 
99 
84 
70 

70 
74 

90 

40 
46 
35 
38 
52 
44 
41 
40 
47 
50 
48 
47 
47 
49 
46 
50 
52 
46 
54 
44 
55 
46 
46 
48 
40 
41 
51 

52 
30 
44 

96 
95 
91 

104 

100 
93 

104 
98 
90 

102 

100 
94 

104 
80 
94 
92 

101 
95 

UO 
87 
92 
86 

101 

101 
99 
98 
81 

68 
82 
88 

36 
45 
42 
42 
56 
40 
46 
^ 
49 
51 
48 
48 
50 
53 
46 
52 
50 
53 
56 
50 
52 
48 
50 
50 
43 
40 
54 

fSO 
32 
47 

Keeler(2) 

Keene..... 

King  City 

Kingsbnreh ... 

Knijzhf 8  Landing 

La  Grange 

Lathrop 

Lanrel .-.-. 

Lemoore 

Lewis  Creek ...-• 

Livermore 

Livininton  ............. 

Long  Beach ..-.. 

IjOB  Anirelefl  (I) 

Lo8  Aneeles  (2) 

Lob  BanoB 

LoB  GatOB 

Mammoth  Tank 

Martinez 

MaryBTiUe 

Memo  Park 

Merced 

Modeato 

Mojave 

Montagne ---... 

Monterey 

Monterey    (Hotel    del 
Monte) 

Meant  Hamilton 

Napa  City 

60 
59 

26 

28 

National  City  (Sweet- 
water Dam)  -- 

Needles ....... ---. 

67 
64 

32 
32 

75 
64 

31 
32 

Newark 

80 

■42" 

80 

m 

H8 

52 
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Annual  Rakge  of  Tbmpbraturbs  for  1889,  btc.— ContinQecl. 


June. 

July. 

AnguBt. 

September. 

October. 

November. 

December. 

a 

1 

• 

• 

M 

:8 

• 

a 

• 

• 

• 

• 

1 

• 
0 

s 

• 

1 

• 

s 

• 

H 

m 

• 

:9 

1 

o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

01 

95 

35 

98 

45 

98 

40 

102 

36 

90 

88 

76 

28 

68 

30 

78 

82 

58 

95 

60 

93 

58 

98 

57 

83 

50 

89 

43 

80 

39 

64 

100 

62 

109 

62 

104 

58 

103 

56 

95 

.  47 

75 

42 

65 

35 

82 

93 

48 

99 

44 

95 

38 

90 

82 

84 

28 

60 

20 

49 

4 

101 

101 

36 

110 

40 

98 

36 

95 

29 

85 

33 

68 

22 

56 

29 

97 

76 
106 

50 
55 

69 
lU 

49 
55 

75 

110 

48 
54 

85 
105 

47 
50 

73 
72 

46 
36 

68 
65 

38 
81 

#  *  0  # 

"98* 

"42 

85 

106 

62 

115 

65 

112 

65 

110 

58 

106 

50 

90 

40 

66 

40 

86 

106 

60 

113 

66 

109 

66 

106 

63 

90 

45 

76 

39 

64 

31 

85 

96 

62 

106 

62 

104 

60 

94 

58 

80 

45 

65 

38 

62 

39 

78 

89 

48 

99 

56 

97 

54 

94 

44 

90 

39 

70 

34 

52 

29 

75 

92 

50 

97 

55 

100 

52 

102 

48 

89 

42 

76 

32 

65 

32 

74 

95 

58 

102 

67 

100 

60 

95 

48 

95 

45 

65 

30 

58 

28 

76 

93 

48 

108 

52 

101 

49 

100 

42 

92 

42 

78 

31 

65 

28 

79 

107 

71 

110 

63 

108 

62 

104 

56 

100 

47 

73 

36 

64 

31 

87 

•  *  •  * 

"'78 

"50* 

"97" 

"56* 

'ioi' 

"52" 

'ioi* 

"48* 

"97' 

"io" 

"82" 

'34' 

"73" 

"35" 

72 

106 

57 

107 

60 

102 

45 

98 

38 

90 

40 

65 

85 

50 

17 

105 

75 

40 

87 

42 

76 

42 

86 

33 

76 

40 

73 

30 

59 

S9 

•  *  •  • 

108 

70 

114 

82 

116 

80 

112 

65 

118 

50 

80 

40 

75 

40 

86 

98 

54 

104 

54 

102 

58 

100 

45 

94 

40 

74 

31 

62 

32 

80 

93 

56 

100 

67 

99 

62 

95 

54 

92 

43 

72 

37 

55 

29 

•  •  •  * 

101 

65 

100 

61 

91 

52 

98 

45 

78 

35 

63 

35 

«  •  •  • 

""'97' 

"63* 

107 

65 

101 

64 

97 

50 

91 

41 

71 

:«{ 

62 

23 

86 

95 

65 

107 

69 

100 

68 

95 

53 

91 

43 

68 

38 

67 

30 

83 

96 

60 

104 

65 

103 

57 

98 

55 

94 

42 

75 

38 

60 

30 

84 

105 

40 

97 

40 

105 

48 

102 

38 

90 

38 

78 

31 

66 

30 

80 

105 

69 

112 

70 

100 

65 

104 

54 

90 

45 

78 

38 

68 

33 

82 

95 

50 

104 

47 

96 

60 

98 

50 

82 

46 

78 

42 

62 

36 

72 

106 

56 

110 

54 

114 

50 

105 

47 

92 

42 

74 

38 

63 

37 

84 

100 

44 

106 

48 

106 

38 

104 

50 

93 

45 

75 

36 

60 

36 

76 

91 

53 

98 

55 

101 

50 

99 

50 

94 

42 

75 

39 

65 

:i2 

73 

105 

64 

111 

63 

106 

62 

99 

57 

97 

53 

87 

34 

78 

30 

81 

104 

•64 

110 

64 

109 

65 

104 

57 

93 

50 

i68 

44 

'64 

33 

86 

92 

50 

98 

52 

98 

50 

98 

48 

94 

43 

80 

38 

62 

29 

69 

J 102 

J58 

110 

60 

109 

60 

108 

52 

95 

44 

80 

40 

67 

41 

81 

82 

81 

62 
51 

96 
99 

64 
54 

97 
95 

63 
53 

96 
103 

59 
52 

80 
89 

50 
50 

"si' 

""43" 

68 

"46* 

"71 

90 

58 

100 

58 

104 

60 

100 

57 

85 

48 

80 

44 

70 

39 

76 

100 
92 

62 

58 

110 
99 

62 
56 

111 
97 

63 
55 

96 
91 

45 
43 

76 

75 

40 
38 

62 

64 

35 
32 

•  *  *  * 

ioo" 

'"49' 

71 

110 

67 

120 

84 

119 

81 

108 

73 

108 

55 

81 

38 

72 

28 

92 

94 
105 

54 

60 

86 
96 

56 
60 

100 
99 

48 
6U 

80 
99 

46 
48 

70 
75 

40 
48 

62 
65 

32 
35 

"ioo" 

"eo' 

"n 

85 

54 

96 

54 

88 

50 

96 

48 

88 

44 

75 

38 

62 

34 

64 

100 

56 

108 

58 

108 

58 

106 

52 

95 

42 

70 

40 

62 

40 

82 

97 

56 

106 

60 

105 

65 

108 

55 

92 

51 

74 

41 

66 

38 

78 

100 

62 

111 

70 

108 

67 

116 

60 

116 

48 

96 

38 

77 

30 

90 

102 

64 

104 

70 

100 

74 

99 

48 

76 

50 

64 

36 

52 

28 

104 

78 

59 

79 

59 

77 

57 

88 

50 

78 

44 

68 

32 

62 

32 

60 

98 

54 

78 

60 

78 

50 

83 

48 

85 

50 

75 

44, 

64 

35 

«  •  *  • 

84 

46 

92 

50 

92 

51 

88 

47 

85 

34 

63 

30 

46 

29 

70 

97 

56 

98 

53 

90 

50 

97 

50 

81 

45 

69 

39 

65 

32 

70 

92 

59 

96 

60 

95 

62 

83 

47 

84 

40 

68 

34 

V  ■  ■  * 

86 

'55* 

119 
90 

77 
57 

117 

88 

70 
56 

100 
88 

44 

46 

81 

76 

37 

40 

75 
60 

29 
30 

"96* 

"56" 

"eiB 

458 
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Tablb  or  MAxiiffUM  Ain>  Minimum  TsMPSBATcmss  and 


Janaary. 

Felumary. 

Mavcb. 

AprlL 

Mfty. 

StfttlOA8. 

• 

H 

es 

o 

70 
65 
70 
70 
62 
64 

• 
s 

s 

• 

s 

• 

• 

s 

a 

o 

8i 
87 
78 
80 
74 
76 
84 
87 
77 
80 
76 
78 
78 
85 
73 
79 
82 
80 
82 
84 
86 
85 
82 
70 
76 
78 
72 
^77 
71 
93 
85 
82 
80 
81 
79 

79 
80 
85 
85 
78 
79 
76 
80 
82 
81 
81 
78 
79 
78 
73 
83 
72 
85 
79 
80 
95 
79 

• 
§ 

• 

• 
a 

3 

• 

8 

C 

Cal  i  fornia — Contin  aed. 
Newhall 

o 

26 
30 
33 
28 
34 
34 

o 

o 

'o 

38 
40 
40 
49 
44 
44 
41 
47 
42 
40 
32 
39 
40 
38 
43 
53 
44 
44 
42 
46 
43 
38 
40 
44 
41 
34 
46 
k43 
40 
50 
40 
46 
45 
47 
47 

41 
38 
46 
45 
41 
44 
40 
34 
53 
50 
44 
48 
41 
41 
30 
30 
43 
48 
35 
42 
50 
40 

O 

93 

90 
83 
95 
74 
70 
98 
90 
82 
84. 
88 
81 
83 
88 
71 
88 
96 
93 
87 
86 
88 
98 
88 
85 
84 
82 
80 
76 
72 
109 
90 
90 
83 
86 
77 

70 
94 
95 
98 
80 
93 
76 
88 
84 
92 
88 
86 
81 
80 
88 
88 
72 
90 
81 
92 
109 
70 

o 

38 
40 
58 
55 
48 
50 
50 
52 
45 
41 
43 
47 
42 
48 
41 
56 
49 
52 
40 
48 
43 
43 
44 
34 
42 
36 
52 
48 
50 
50 
50 
49 
47 
48 
49 

43 
46 
50 
49 
47 
43 
50 
49 
54 
54 
44 
52 
44 
48 
42 
1    37 
52 
50 
43 
46 
57 
44 

94 

100 

92 

96 

87 

78 

86 

102 

92 

83 

94 

87 

94 

88 

82 

94 

109 

95 

103 

100 

104 

102 

102 

100 

94 

90 

87 

87 

76 

108 

99 

90 

80 

82 

88 

84 
98 
98 

105 
89 
90 
84 
93 
83 
96 
88 
86 
89 
72 
86 
88 
86 
H8 
83 
98 

110 
94 

JO 

49 

46 
54 

57 
52 

50 
62 
50 
49 
48 
45 
51 
46 
42 
41 
59 
53 
54 
42 
50 
46 
43 
52 
50 
44 
38 

Newman 

65 
75 
80 
64 
64 
84 
80 
76 
84 
69 
74 
72 
77 

30 
32 
28 
35 
35 
32 
28 
35 
28 
22 
25 
25 
26 

Nilea 

Norwalk 

OaUandCl) 

Oakland  (2) 

Ontario 

Orland 

70 
71 
71 
67 
66 
59 
76 

34 
32 
30 
22 
30 
26 
24 

broville 

Pi^aro 

PaBO  Robltfs 

Petaluraa 

Plaoerville 

Pleasanton 

Point  Kevea  Liifbt     . . 

Pomona 

80 
61 
70 
68 
80 
65 
70 
62 
65 
62 
60 
58 
64 
61 
8:» 

76 

78 

66 

72 
63 
62 
68 
62 
63 
66 
74 
68 
70 
68 
70 

35 

30 
28 
30 
31 
30 
30 
29 
30 
31 
24 
31 
28 
28 
40 
28 
3:) 
36 
3(5 
40 

36 
30 
30 
26 
32 
35 
32 
26 
40 
84 
38 
36 
30 
34 

80 
77 
81 
80 
90 
77 
80 
76 
68 
76 
78 
70 
76 
76 
90 
T2 
82 
85 
81 
75 

70 
78 
80 
76 
71 
84 
70 
75 
78 
85 
80 
80 
78 
73 
72 
83 
80 
80 
72 
76 
82 

34 
27 
28 
26 
32 
30 
27 
30 
30 
31 
23 
32 
30 
30 
49 
28 
34 
37 
37 
39 

31 
32 
30 
25 
32 
37 
32 
23 
45 
32 
35 
34 
32 
35 
19 
28 
40 
38 
25 
30 
:J7 

Portereville 

Pnento 

Red  Blnffd) 

Red  Blntf  (2) 

Redding 

Ri  vereitle 

R«K}klin 

Rnmsey 

Sacramento  (1) 

Hacramento  (2) 

Sacrameu  t4»  ( 3) 

^1 

8aliua8(l) 

49' 

8»linaa(2) 

48' 

Salton 

58 

San  Ardo 

48 

San  Beriinn lino      

San  Diego 

46 
50 
49 
48 

44 

46 
54 
54 
51 
44 
50 
45 
54 
50 
47 
54 
44 
50 
47 
40 
56 
54 
42 
5S 
64 
40 

San  Diego  BarrnckM 

San  Frauciboo 

San  Francisco  (Presidio 
of) 

San  Fernando 

San  Gabriel 

Sanger  Junction 

San  Joe^ 

San  Lnis  Obispo 

San  Mateo 

San  Mignel....... ...... 

San  Pedro 

Santa  Ana.... 

Santa  Barbara  (1) 

8aiJta  Barbara  (2) 

Santa  Clara 

Santa  Crnz 

Santa  Margarita 

Santa  Maria 

70 
67 

78 
69 

60 
81 

28 
36 
38 
28 
29 
37 

Santa  Mon  ica 

Kanta  Paula 

Sau  ta  Rosa ............. 

Selma 

Seven  Palms 

Sbingle  Springs 

s. 
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Annual  Ranok  of  Tbmpkraturks  for  1889,  arc^— Coatinned. 


JUDA. 

July. 

Angnat. 

September. 

October. 

NoTember. 

• 

December. 

• 

9 

• 
a 

• 

• 

B 

5j 

* 

•mi* 

i 

• 

• 

9 

• 
.9 

• 

9 

• 
a 

• 

a 

• 

a 

• 

P 

a 

m 

s 

s 

s 

S 

^ 

» 

s 

3 

^ 

0 

X 

X 

a 

3 
0 

« 

o 

o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

95 
104 

50 
60 

112 
110 

55 
60 

no 

107 

55 

60 

102 
106 

54 

52 

82 
70 

33 
40 

66 
60 

26 
35 

"96" 

"48" 

"so 

87 

56 

95 

55 

92 

49 

96 

45 

87 

45 

81 

40 

79 

32 

64 

87 

60 

99 

60 

99 

60 

97 

56 

86 

54 

84 

40 

68 

83 

71 

78 

55 

84 

53 

79 

51 

93 

49 

87 

45 

80 

39 

67 

34 

59 

78 

54 

70 

50 

74 

54 

90 

50 

76 

48 

70 

38 

66 

.% 

66 

85 
105 

60 

58 

102 
112 

69 
65 

102 
105 

70 
62 

100 
105 

70 
56 

87 
95 

60 
47 

66 
58 

32 
85 

"85" 

"  '42" 

"84 

96 

60 

102 

56 

99 

58 

96 

42 

90 

44 

77 

39 

61 

33 

70 

72 

56 

75 

56 

81 

55 

88 

56 

94 

40 

75 

35 

66 

32 

66 

100 
89 

52 
52 

104 
97 

50 
52 

101 
94 

47 
51 

101 
99 

42 
42 

95 
90 

39 
45 

62 
61 

20 
83 

"76" 

"36 

"74 

95 

60 

103 

61 

102 

65 

99 

50 

95 

40 

71 

36 

58 

32 

78 

88 
68 

58 
47 

100 
70 

61 
48 

100 
70 

60 
47 

98 

62 
47 

82 
64 

48 
47 

62 
60 

31 
30 

'72' 

"45" 

•  *  *  • 

92 

63 

102 

66 

96 

64 

"92' 

62 

90 

55 

81 

44 

76 

44 

68 

110 

70 

116 

68 

110 

74 

110 

62 

107 

50 

79 

38 

78 

33 

89 

92 

60 

104 

60 

108 

61 

102 

57 

94 

49 

80 

89 

67 

83 

76 

105 

55 

111 

54 

106 

57 

105 

62 

92 

44 

76 

36 

57 

31 

85 

U« 

59 

110 

62 

105 

62 

105 

57 

98 

48 

75 

42 

65 

37 

70 

108 

55 

115 

62 

105 

62 

104 

53 

86 

41 

79 

36 

57 

30 

85 

99 

49 

107 

54 

100 

53 

98 

48 

93 

43 

76 

36 

63 

32 

80 

104 

58 

113 

57 

106 

60 

105 

66 

95 

45 

77 

42 

63 

35 

84 

112 

60 

110 

60 

105 

68 

104 

62 

88 

49 

73 

40 

62 

35 

82 

96 

52 

104 

50 

102 

51 

101 

49 

94 

42 

72 

38 

60 

33 

73 

90 

47 

96 

48 

92 

45 

92 

41 

83 

36 

68 

30 

60 

27 

73 

89 

56 

95 

60 

94 

60 

90 

53 

86 

47 

69 

42 

60 

37 

64 

•*75 

•161 

78 

53 

76 

52 

88 

48 

94 

44 

78 

'38 

i>65 

i'35 

66 

71 

54 

67 

56 

78 

52 

82 

47 

f68 

42 

67 

38 

63 

80 

54 

113 

74 

119 

78 

117 

74 

109 

60 

109 

50 

84 

34 

77 

30 

89 

98 

54 

104 

52 

106 

52 

104 

45 

99 

41 

78 

37 

64 

34 

78 

"72 

"56' 

"si' 

"59* 

"89" 

"62* 

"*9i" 

"m" 

"so" 

"52' 

"83' 

"46* 

60 

'"46" 

V  M  tt  M 

55 

74 

67 

85 

59 

89 

63 

92 

58 

80 

62 

83 

45 

69 

87 

56 

75 

52 

8:) 

50 

80 

49 

89 

51 

87 

51 

77 

47 

63 

40 

50 

68 

47 

80 

47 

77 

47 

90 

46 

87 

48 

78 

42 

64 

33 

50 

96 

48 

113 

53 

106 

52 

102 

50 

91 

42 

78 

47 

70 

32 

8:1 

90 

60 

106 

60 

100 

60 

96 

58 

88 

54 

83 

44 

71 

33 

76 

109 

63 

116 

67 

110 

67 

112 

54 

102 

44 

7f 

40 

72 

36 

91 

85 

56 

93 

55 

89 

52 

95 

60 

86 

46 

75 

38 

62 

84 

63 

92 
79 

49 
55 

93 

88 

47 
50 

82 

'"56' 

"96" 

"'45" 

"si" 

"ie" 

"n 

"38" 

"w' 

"34' 

"58 

96 

55 

104 

50 

104 

54 

102 

48 

97 

44 

ra 

35 

68 

33 

81 

87 
88 

61 
60 

96 
98 

64 
62 

89 
100 

63 
60 

102 
100 

60 
60 

82 
88 

57 

54 

68 
70 

42 

88 

»  •  •  « 

"si" 

""46' 

68 

74 

50 

107 

63 

91 

53 

100 

51 

85 

50 

78 

44 

68 

40 

72 

76 

60 

88 

60 

88 

60 

96 

60 

78 

52 

76 

42 

76 

38 

64 

85 

52 

94 

49 

88 

47 

96 

43 

84 

44 

78 

30 

63 

33 

66 

87 
95 

55 

no 

89 
106 

62 
62 

86 
99 

52 

50 

93 
100 

60 
42 

90 
92 

47 
87 

70 
61 

36 
20 

"76' 

"29* 

•  •  ■  « 

86 

50 

86 

44 

92 

47 

100 

42 

88 

42 

78 

34 

68 

32 

72 

82 

60 

83 

62 

89 

63 

91 

64 

83 

54 

72 

46 

72 

38 

55 

82 

58 

100 

58 

92 

55 

105 

58 

88 

54 

81 

45 

70 

38 

67 

b8 

52 

90 

46 

86 

45 

90 

42 

82 

44 

76 

34 

66 

32 

65 

110 
120 

67 

82 

110 
120 

68 
75 

102 
115 

58 
70 

98 
110 

45 
60 

70 
86 

38 
47 

63 
83 

32 
40 

"in 

"75' 

"83 

98 

57 

104 

59 

103 

64 

99 

55 

90 

45 

70 

38 

65 

34 

■  •  •  • 
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Tabi;b  of  MAzncuM  akd  BiimifXTM  Temfbratubxs  and 


Stations. 


California — Continued. 

SiuM 

Slaaon 

Soledad 

Soqael 

SonthSide 

Sonth  Vallejo 

Spadra 

Steele's 

Stockton 

Saisun 

Summit ^. 

Sasanville 

Tehachapi , 

Tehama 

Templeton 

Tonrles 

Tracy 

Traver 

Tropico 

Tmokee 

Tnlare 

Tarlook 

Upper  Mattole 

Vacaville(l) 

VacaviUe(2) 

Valley  Springs 

Vina 

Volcano  Springs 

Walla  Walla  Creek 

Walnut  Creek 

Weetley 

Wheatland 

Whittier 

Williams 

Willow  (1) 

Willow  Ci) 

Winters 

Woodland 

Colorado : 

Alma 

Bennet 

Breokenridge 

Ca&onCity 

Colorado  Springs . . . 

Como  (Ranch  near) 

Coulter 

Delta 

Denver  (1) 

Denver  (8) 

Dolly  Varden  Mine.. 

Fort  Collins 

Fort  Crawford 

Fort  Lewis .. 

Fort  Logan 

Fort  Lyon 

Fraser 

Georgetown 

Glen  wood  Springs  . , 


January. 


8 


65 
54 
66 
70 
70 
6H 
71 
68 
56 
62 
40 
48 
50 
72 
66 
62 
50 
55 
70 
46 
65 
62 
69 
66 
Gii 
61 
65 
78 
49 
92 
65 
63 
70 
58 
58 
54 
69 
60 

39 

70 


55 
42 
50 
50 
56 


58 
45 
45 
60 
56 


44 

46 


a 


20 
11 
26 
SO 
32 
31 
32 
33 
34 
34 
8 
7 
20 

24 
22 
30 
24 
30 
—  6 
30 
32 
27 
31 
32 
30 
30 
30 
10 
28 
31 
29 

:)9 

34 
27 
31 
34 
29 

-10 


—20 


-  4 

-  8 
-22 

0 
4 


-  4 
-10 
-12 
2 
-16 


2 

8 


February. 


8 


70 
63 
80 
76 
70 
68 
84 
79 
64 
80 
45 
58 
65 
70 
73 
72 
60 
69 
83 
54 
77 
74 
85 
74 
76 
71 
75 
86 
58 
92 
72 
75 
86 
64 
71 
62 
77 
70 

42 
60 
61 
67 
56 


50 
56 
61 
61 


62 
54 
55 
62 
62 


46 
53 


a 


30 
18 
26 
30 
26 
32 
31 
34 
34 
32 

-  1 
7 

18 
36 
23 
12 
29 
24 
26 

-  8 
80 
30 
22 
32 
29 
80 
29 
35 
12 
24 
32 
29 
40 
30 
21 
30 
30 
30 

-16 

-10 

23 

1 

-  8 


10 
7 

.  7 
-6 


-16 
-7 

18 
-10 

-8 


2 
9 


Maroh. 


i 


75 

76 

80 

68  I 

72 

77 

84 

78 

70 

82 

47 

70 

60 

80 

»8 

72 

75 

95 

77 

70 

86 

81 

90 

78 

78 

80 

80 

98 

74 

83 

80 

76 

95 

68 

78 

65 

82 

70 

52 
84 
61 
71 
68 
54 
59 
<»72 
70 
68 
83f 
66 
68 
63 
72 
77 


56 
71 


a 


30 
30 
40 
42 
34 
40 
42 
42 
43 
45 
18 
27 
30 
45 
35 
34 
40 
38 
40 
12 
46 
44 
33 
43 
42 
40 
43 
45 
24 
37 
45 
40 
42 
44 
36 
40 
45 
40 

3 

19 

—  3 

18 

18 

8 

7 

•31 

18 

21 

0 
17 
22 

8 
18 
13 


18 
22 


April. 


8 


90 
76 
84 
76 
92 
73 
94 
86 
79 
90 
60 
78 
78 
81 
89 
78 
82 
88 
94 
76 
96 
92 
82 
84 
84 
87 
90 

110 
78 
83 
89 
83 
96 
70 
87 
80 

100 
74 

60 
90 
72 
82 
76 
60 
69 
92 
78 
79 
41 
79 
81 
77 
83 
89 
78 
64 
86 


a 

i 


29 
32 

40 
48 
40 
46 
48 
41 
50 
48 
22 
35 
87 
50 
48 
38 
47 
42 
48 
30 
50 
49 
40 
50 
48 
52 
46 
60 
SO 
43 
47 
42 
50 
52 
38 
44 
49 
50 

-  1 
24 

-  5 
26 
26 
10 
14 
26 
29 
24 

4 
28 
22 
26 
29 
25 
12 
22 
23 


Kay. 


99 

86 
98 
95 
88 
82 
98 
89 
90 
92 
73 
90 
85 

104 
94 
90 

102 
96 
92 
86 

104 
99 
90 
99 
97 
97 
93 

117 
89 
93 
98 
95 

103 

100 

102 
98 

108 
90 


66 

0 

29 

75 

5 

86 

34 

79 

31 

71 
«»97 
83 
88 
50 
81 
84 
77 
86 
94 
74 
71 
91 


a 

s 


40 
30 
48 
50 
46 
48 
50 
43 
44 
50 
25 
36 
30 
50 
48 
36 
52 
50 
51 
3;^ 
50 
50 
42 
50 
50 
50 
42 
38 
30 
45 
53 
45 
52 
48 
40 
48 
49 
48 


26 
44 
32 
24 

10 
31 
31 
92 
27 
33 
28 
22 
32 
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Annual  Bange  of  Temperaturss  for  1889,  etc.— Gontinaed. 


June. 

July. 

August, 

September. 

October. 

^November. 

December. 

• 

• 

a 

s 

• 

« 

H 

eS 

• 

a 

•»4 

• 

06 

d 

• 

OS 

* 

a 

• 

• 

d 

• 

H 

08 

■ 

a 

d 
OS 

'^ 

S 

X 

s 

» 

:a 

S 

S 

X 

^ 

0 

S 

X 

3 

M 

o 

0 

o 

o 

0 

0 

0 

0 

0 

0 

0 

0 

* 

0 

0 

109 

55 

103 

45 

100 

48 

99 

40 

89 

35 

70 

28 

55 

22 

89 

89 

50 

94 

60 

98 

50 

85 

43 

78 

29 

59 

26 

49 

17 

87 

84 
82 

50 
60 

86 
86 

50 
50 

94 

88 

46 
62 

98 
92 

42 
46 

88 
90 

40 
42 

64 
70 

30 

38 

"ts' 

"*46* 

"65 

99 

50 

106 

52 

106 

56 

104 

50 

96 

52 

70 

38 

64 

34 

80 

75 

50 

80 

50 

75 

51 

83 

50 

83 

45 

68 

34 

60 

34 

52 

92 

56 

100 

59 

109 

58 

105 

ra 

98 

48 

82 

44 

71 

36 

78 

79 

48 

88 

44 

92 

48 

99 

44 

•91 

45 

73 

38 

61 

36 

66 

92 

60 

98 

55 

96 

58 

98 

54 

80 

55 

76 

52 

72 

40 

64 

95 

58 

102 

55 

103 

58 

102 

52 

98 

42 

81 

32 

62 

36 

71 

76 

38 

84 

43 

96 

40 

78 

40 

72 

27 

52 

23 

36 

12 

99 

H4 

51 

110 

52 

95 

49 

89 

37 

80 

28 

57 

22 

52 

2 

103 

94 

54 

100 

70 

90 

62 

90 

52 

84 

36 

75 

30 

55 

25 

82 

102 

65 

115 

72 

102 

65 

100 

60 

72 

48 

75 

44 

58 

40 

81 

98 

55 

108 

50 

105 

49 

105 

43 

95 

41 

75 

32 

62 

32 

85 

90 

54 

98 

65 

94 

65 

90 

56 

87 

40 

75 

32 

47 

28 

86 

103 

62 

108 

59 

106 

62 

106 

62 

99 

49 

69 

32 

59 

32 

79 

IQd 

68 

111 

66 

101 

69 

102 

60 

9« 

50 

75 

38 

70 

37 

87 

88 

57 

108 

57 

100 

53 

102 

51 

88 

47 

80 

41 

68 

38 

77 

90 

46 

98 

46 

90 

42 

88 

36 

80 

24 

56 

18 

40 

—12 

110 

105 

64 

113 

67 

110 

65 

106 

57 

102 

50 

76 

42 

70 

39 

83 

103 

63 

106 

64 

107 

62 

103 

54 

87 

45 

76 

40 

65 

37 

77 

89 

50 

95 

46 

93 

40 

101 

38 

82 

40 

78 

28 

72 

30 

79 

98 

58 

105 

58 

103 

56 

103 

54 

95 

48 

75 

41 

62 

33 

74 

95 

60 

107 

60 

104 

57 

98 

55 

88 

50 

70 

43 

61 

30 

78 

99 

59 

lOl 

65 

101 

65 

97 

55 

91 

48 

65 

47 

60 

39 

71 

107 
120 

60 
70 

114 
126 

59 
80 

103 
126 

59 

78 

102 
114 

50 
60 

84 
113 

46 
56 

57 

86 

32 
35 

""87* 

"'38* 

"96 

94 

39 

98 

43 

92 

40 

92 

36 

83 

33 

61 

27 

53 

12 

88 

98 

50 

109 

50 

102 

46 

102 

50 

95 

43 

74 

35 

62 

33 

85 

99 

63 

105 

68 

105 

60 

104 

52 

92 

50 

74 

42 

65 

37 

74 

98 

52 

106 

47 

102 

53 

101 

49 

93 

41 

73 

37 

59 

31 

77 

91 

59 

104 

61 

101 

63 

109 

60 

90 

50 

84 

49 

80 

39 

70 

106 
105 

60 
53 

115 
112 

66 
50 

112 

109 

64 
52 

76 
92 

49 
42 

48f 
60 

30 
29 

'163" 

"47" 

""75" 

■"33" 

'"oi 

104 

47 

109 

58 

109 

61 

102 

50 

93 

47 

68 

38 

62 

32 

79 

103 

67 

110 

67 

105 

61 

105 

56 

98 

50 

77 

40 

69 

32 

80 

98 

56 

100 

54 

95 

42 

94 

54 

84 

•45 

78 

40 

62 

35 

71 

72 

112 

85 

23 

45 

8 

78 

29 

76 

34 

75 

8 

68 

8 

"62* 
80 

"■5" 
-16 

"71" 

86 

""6* 
—17 

'"88" 

'25" 

"87* 

"25 

"'si' 

"s 

"88* 

"'j' 

'iii 

94 

42 

102 

52 

1C2 

50 

94 

32 

91 

29 

70 

5 

69 

11 

«  •  •  a 

91 

36 

96 

45 

94 

47 

90 

28 

81 

23 

62 

6 

68 

5 

104 

87 
S105 

37 
43 
58 

81 

88 

105 

37 
36 

59 

48 

-4 

43 

—  8 

"si" 

"28* 
54 

"si" 

96 

"is" 

39 

""85" 

"si" 

"ei" 

"'ii" 

"'56* 

"i2* 

•  •  •  • 

92 

37 

lOp 

50 

98 

46 

94 

30 

85 

25 

60 

3 

66 

4 

107 

95 
58 
90 

37 
10 
35 

81 
54 
85 

20 

0 

25 

57 

0 

..... 

""'63' 
97 

"'36' 
38 

"62" 
97 

"28' 
41 

"eo" 

93 

""f>" 
23 

"ei* 

""66* 

""*3* 

*ii3 

99 
82 

33 

30 

95 
87 

45 
38 

89 
82 

26 
21 

85 
77 

25 
19 

58 
55 

9 
5 

59 
52 

0 
—  6 

'"88" 

""45* 

"106 

96 

43 

101 

50 

100 

44 

96 

28 

89 

23 

55 

1 

70 

1 

111 

102 
74 

78 

39 
34 
24 

109 
81 

84 

43 
45 
42 

106 

d79 

81 

47 
46 

101 

18 

93 

17 

1 
20 

"52" 

-22* 
7 

'"53" 

-24* 

7 

"77' 

"27" 

'"76' 

m  m  m  m 

86 

98 

34 

102 

46 

102 

41 

89 

27 

56 

2 

54 

6 

*  •  «  • 
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TiiBLB  OF  Maximum  and  Minimum  Tbmpekatubxs  and 


January. 

Febmary. 

March. 

April. 

May. 

Stations. 

• 

o 

• 

a 

i 

a 

9 

0 

• 

• 

a 

• 

M 

CI 

• 
s 

i 
0 

26 
28 
23 
2 
22 

• 

M 

0 

74 
86 
80 

88 

* 

i 

0 

90 
32 
30 
17 
26 

Col6rado-^ontinued. 

Grand  Lake  ............ 

o 

o 

0 

61 
68 
65 
62 
70 

0 

-3 
16 
18 
15 

0 

71 
80 
77 

"si' 

Greelev  ................ 

43 
53 
53 
58 

—  5 
—10 

—  2 

60 
56 
56 
62 

—11 
-9 
—  2 

Hasted 

Idaho  SnrinflTs ..-.. 

Jnlesbnrg 

Las  Animas ..!.... 

Leadville 

3rJ 
64 
42 
44 
52 
67 
52 

—  9 

—  3 
—25 

—  6 
3 

—11 
—11 
—25 

40 
65 
42 
54 
55 
65 
59 

—  9 
—17 
—25 

—  6 

—  5 

—  8 

—  1 

49 
72 
65 
68 
62 
73 
73 
69 

8 
14 

12 
23 

19 
18 
23 
14 

58 
88 
77 
80 
72 
84 
« 
76 

10 
24 
20 
25 
23 
32 
30 
16 

64 
90 
81 
84 
75 
87 
90 
84 

15 
33 
23 
31 
24 
33 
32 
26 

Lon/i^niont 

Monte  Vista. ........... 

Montrose ..-• 

Palmer  Lake 

Paeblo 

Rockv  Ford 

Sagaaohe 

T.8.  Ranch 

49 

58 

43 
52 
48 
40 
49 
46 
45 
49 
46 
47 
50 
49 
50 
43 

"47" 

48 

4 

—  7 

—  8 

—  3 

—  2 

—  2 

—  6 
0 

10 

—  3 
1 

—  1 

—  3 

—  7 

—  2 

—  2 

4 
2 

4 

Thon 

62 

60 
62 
60 
63 
60 
66 
60 
62 
59 
62 
62 
60 
58 
65 

"ei' 

63 

14 

14 
20 
25 
12 
17 
22 
12 
22 
24 
18 
19 
16 
21 
18 

28 
25 

30 

88 

92 
88 
87 
91 

'"88" 
90 
91 
82 
89 
91 
89 
85 
90 

90 

36 
31 
34 
30 
32 
34 
33 
37 
40 
32 
39 
34 
42 
32 

4 

Conneotioat: 

Canton. ................ 

56 
57 
56 
56 
57 
56 
52 
55 
55 
55 
o7 
55 
55 
53 

58 
60 

58 

6 

9 

13 

3 

5 

10 

—  2 

11 

12 

12 

4 

5 

10 

4 

22 
19 

23 

82 
76 
71 
78 
68 
78 
77 
71 
68 
73 
79 
75 
72 
75 

"76" 

74 

80 
83 

86 
91 
89 

87 
84 
88 
88 
84 
82 
90 
94 

26 
28 
30 
26 
26 
30 
22 
•  32 
34 
25 
88 
28 
35 
28 

32 
29 

35 
33 
32 

44 

43 
41 
39 
39 
45 
44 
52 
65 
42 
39 

Colchester 

FortTrnmbnll 

Hartford 

Mansfield  .............. 

Middletown  ............ 

New  Hartford 

New  Haven  ............ 

New  London 

Shelton 

Sonthinjcton 

Thomnson......  ..••.... 

Voluntown 

Waterbnrv 

Delaware: 

Kirkwood 

Newark 

District  of  Colombia : 

Kendall  Green 

88 
93 
93 

95 
98 
96 
90 
91 
96 
94 
89 
86 
97 
99 
94 
90 
92 
93 
98 
88 
93 
91 

44 

39 
39 

49 
42 
45  ; 

Washington  Barracks 

Washinirton 

.0 . . . 

66 

78 
88 

23 

34 

38 

54 

85 
89 

4 

35 
40 

70 

83 
85 
"85 
78 
83 
85 
81 
78 
79 
85 
87 

29 

40 
42 
«46 
32 
38 
46 
39 
49 
60 
41 
34 

Florida : 

Altamonte  Sprinan 

Alva 

Archer. 

Fort  Barrancas 

72 

84 
84 
81 
82 
82 
84 

27 
34 
37 
31 
45 
57 
35 

47 

Fort  Meade.. •••• 

80 
81 
74 
82 
79 
79 

32 
35 
31 
40 
54 
34 

47 

Homeland 

47 

Jacksonville.... 

50 
56 
66 
48 
45 
«2 
44 
60 
54 
51 
47 
51 
50 

Japiter..... 

Kev  West 

Kissimmee 

Lake  City 

Live  Oak 

Manatee...... 

83 
74 
78 
80 
70 
75 
74 

38 
34 
38 
36 
33 
32 
26 

84 
82 
82 
85 
70 
81 
81 

41 
35 
40 
39 
29 
32 
26 

84 
77 
81 
78 
76 
79 
80 

41 
42 

46 
47 
37 
40 
36 

91 
83 
85 
87 
86 
84 
88 

44 

50 
53 
48 
48 
45 
46 

Matanzas 

Merritt's  Island 

Micco......  ............ 

Pensacola 

St.  Francis  Barracks .... 
Tallahassee 
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AKNiJAit  BAMcn  OF  Tempbraturks  for  1889,  BTC.--€ontinaed. 


Jane. 

July. 

Angast. 

September. 

October. 

November. 

December. 

• 

• 

• 

Jl 

• 

a 

••* 

• 

H 

es 

• 
a 

• 

a 

• 

• 

* 

H 

• 
a 

i 

• 
fl 

• 

9 

a 

8) 
g 

^ 

» 

S 

S 

S 

» 

» 

^ 

S 

S 

a 

X 

s 

0 

& 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

86 
92 

33 
36 

87 
99 

34 

48 

83 
97 

37 
44 

90 

29 

82 

20 

60 

10 

60 

6 

110 

U4 

Xi 

97 

46 

90 

41 

95 

27 

85 

21 

60 

-2 

64 

—  1 

107 

"'94' 

30 
43 

00 
100 

41 
43 

86 

95 

101 

72 

21 
28 
28 
14 

61 
64 
50 
53 

11 

—  1 
8 

—  3 

68 

3 

107 

38 

90 
91 
66 

24 
27 
15 

73 

45 

6 
4 

72 

19 

77 

36 

75 

38 

86 

96 
91 

36 
23 

96 

87 

32 

18 

91 

78 

20 
12 

62 
58 

8 
—10 

70 
50 

4 
—  5 

93 

38 

89 

38 

118 

90 

36 

96 

49 

94 

49 

87 

27 

83 

27 

61 

10 

61 

7 

102 

16 

96 

45 

96 

44 

91 

27 

84 

19 

63 

3 

68 

3 

«  M  •   « 

97 

40 

102 

52 

99 

52 

97 

31 

87 

29 

61 

1 

68 

6 

113 

98 

47 

104 

62 

102 

62 

98 

36 

91 

27 

60 

10 

70 

8 

115 

91 
95 

'  26 
40 

94 
99 

41 
<55 

90 
95 

44 

40 

82 

80 

10 
21 

86 

30 

60 

12 

60 

11 

•  »  •  • 

88 

33 

95 

41 

94 

35 

89 

29 

78 

19 

50 

2 

62 

2 

ft  •  «  • 

91 

37 

88 

50 

84 

43 

84 

36 

70 

23 

61 

16 

61 

4 

100 

84 

44 

86 

50 

85 

50 

81 

40 

71 

28 

63 

17 

65 

8 

91 

88 

44 

93 

51 

88 

53 

82 

39 

75 

31 

62 

17 

58 

13 

95 

91 

46 

89 

52 

86 

44 

83 

:i7 

64 

24 

65 

16 

65 

6 

93 

86 

41 

86 

49 

81 

48 

81 

36 

68 

27 

62 

14 

63 

5 

92 

88 

42 

88 

50 

83 

49 

82 

40 

70 

24 

64 

17 

66 

6 

88 

92 

45 

86 

40 

84 

46 

80 

34 

67 

18 

52 

8 

54 

—  2 

102 

85 

47 

88 

55 

85 

50 

80 

42 

72 

28 

6:^ 

20 

68 

8 

94 

85 

50 

86 

55 

83 

53 

79 

44 

68 

31 

62 

23 

59 

IS 

85 

87 

42 

87 

50 

84 

48 

81 

:i6 

70 

30 

62 

19 

(i5 

—12 

101 

91 

51 

89 

56 

85 

46 

85 

38 

70 

27 

62 

16 

64 

6 

94 

87 

45 

84 

55 

80 

49 

79 

36 

69 

28 

60 

13 

62 

6 

96 

86 

53 

86 

56 

82 

54 

81 

40 

68 

30 

62 

17 

60 

11 

88 

90 

38 

88 

49 

85 

45 

83 

33 

72 

27 

61 

16 

63 

7 

92 

60 

68 

62 

46 

32 

28 

22 

•  «  M  • 

66 
72 

30 
26 

68 
70 

25 
20 

93 

51 

93 

59 

91 

55 

89 

40 

79 

33 

•  •  •  • 

90 

48 

92 

59 

90 

55 

86 

42 

82 

34 

70 

27 

72 

22 

89 

94 

56 

95 

60 

94 

60 

94 

64 

94 

48 

89 

35 

82 

45 

61 

99 

53 

99 

70 

97 

68 

94 

68 

91 

44 

91 

35 

H5 

4:) 

64 

98 

68 

99 

69 

98 

61 

97 

51 

95 

37 

89 

25 

84 

35 

•  •  *  * 

91 

50 

95 

69 

92 

67 

95 

49 

88 

44 

80 

28 

80 

27  .... 

91 

58 

91 

74 

88 

73 

88 

65 

86 

43 

87 

33 

80 

43   59 

95 

63 

98 

73 

93 

72 

92 

68 

89 

46 

88 

34 

82 

46 

64 

95 

54 

97 

70 

94 

64 

95 

57 

90 

45 

86 

30 

80 

35 

67 

9i 

64 

95 

72 

90 

68 

90 

71 

86 

54 

87 

46 

79 

55 

55 

89 

71 

89 

71 

89 

70 

89 

71 

87 

86 

60 

79 

63 

35 

96 

57 

98 

70 

96 
95 
98 

f69 
52 
62 

93 

102 

98 

65 
52 
50 

91 
88 

38 
40 

85 
82 

23 
34 

83 

34 

96 

59 

98 

62 

93 

64 

92 

70 

93 

72 

92 

69 

84 

48 

92 

36 

90 

44  I  57 

92 

92 

62 
65 

95 
90 

72 
71 

90 
91 

63 
72 

84 
89 

41 
54 

78 
79 

53  I  — - 

91 

72 

86 

43 

52 

55 

aou 

<50 

'il8 

m 

99 

60 

97 

68 

88 

i52 

90 

39 

err 

«46  ;  iM 

90 

55 

94 

69 

89 

67 

93 

54 

84 

47 

78 

32 

76 

35  i  65 

93 

06 

94 

70 

90 

68 

90 

60 

84 

47 

84 

35 

76 

43  !  62 

99 

50 

95 

70 

89 

64 

89 

43 

79 

28 

78 

32 

•••• 
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Tabui  or  Haxuium  utd  IfunMUM  TuiPKJtAimas  avd 


BO 

Is 

35 

63 
63 

38 
38 

82 

83 

41 

46 

86 
88 

48 
63 

92 
37 

95 
94 
'100 
96 
9« 
90 
99 
93 
95 
91 
91 

"m 

96 
98 
99 

"nsji.,    

!« 

84 

U 

W 

30 

S6 

31 

67 
68 

70 

22 
18 
24 

73 
76 
78 

IS 
14 
SO 

79 
78 
80 

S9 
28 
SI 

88 
85 

87 

35 

34 

37 

41 
46 

X 
44 
45 
34 
46 
£0 

35 
25 

"ao' 

42 

26 

60 

14 

67 

9 

74 

78 

86 

76 

SO 

83 

34 

88 

42 

88 
93 

99 
4C 

fi6 

30 

74 

28 

76 

38 

82 

46 

98 
OS 

99 
W 
93 
97 
»« 

5S 
'52 
40 
40 
43 
41 
42 
45 
46 
44 
50 
45 
45 
44 
36 
«3» 
45 
ti 

41 
4J 
SO 

33 
34 

IteiietU 

60 
66 

18 

68 
78 

13 
18 

76 
79 

30 
29 

84 
64 

33 
38 

75 

37 

77 

28 

78 

37 

87 

« 

93 

96 
96 
101 
96 
93 
»t 
94 
94 
99 
98 
90 
90 

93 

92 

3nito»n  (2) :::::::"::: 

6» 

39 

81 

24 

77 

34 

86 

42 

80 

34 

69 

40 

38 

20 
30 

H»ho=°" ""  "  

40 
47 

2 
2 

64 
64 

7 
10 

73 
74 

28 
80 

84 

38 

5 

53 

2 

71 

SS 

78 

28 

88 

34 

Lewtoton 

46 

lu 

60 

17 

72 

30 

80 

39 

91 

44 

lUiuoiN: 

58 
56 
53 

—  S 
0 

—  4 

44 

60 
46 

-10 
^10 

70 
76 
72 

29 

18 

17 

» 

23 

93 

90 
91 

7B 

75 

98 

BMWn 

55 

—  1 

52 

-6 

71 

80 

76 

36 

94 

sol 
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Annual  Hanob  of  Tkmpsratubbs  fob  1889,  btc.— Continoed, 


June. 

July. 

August. 

September. 

October. 

November. 

December. 

• 

1 

a 

9 

• 

s 

• 
a 

i 

• 

• 

i 

1 

» 

a 

• 

8 

• 
a 

s 

• 

1 

• 

a 

3 

• 

H 

• 

B 

s 

p 

i3 

o 

94 
94 

98 
96 
99 
96 
87 
90 
98 
98 
94 
93 
92 

"'"84* 

98 
91 
96 

o 

61 
66 

50 
46 
36 
44 
44 
39 
46 
48 
44 
41 
56 
48 
41 
54 
52 
48 

o 

93 
98 

<>98 
97 

108 

100 
94 
95 

100 
98 
96 
97 
98 

"86" 

100 

95 

103 

0 

70 
73 

58 
66 
62 
65 
64 
66 
70 
62 
64 
66 
65 
58 
66 
73 
71 

0 

93 
95 

96 
93 

108 
94 
90 
89 
95 

•98 
92 
90 

0 

67 
73 

61 
62 
53 
58 
68 
60 
61 
•62 
60 
60 

0 

89 
94 

93 
93 
100 
92 
87 
92 
94 
97 
92 
89 
94 

*"8i" 

98 
94 
99 
96 
84 
88 
88 
88 
98 
90 
87 
90 
94 
86 

0 

66 
71 

50 
47 
44 
42 
49 
45 
48 
50 
46 
43 
48 
48 
38 
60 
56 
64 
48 
44 
48 
54 
50 
51 
46 
44 
46 
45 
46 
47 

0 

88 
92 

81 
89 
«100 
80 
80 
81 
88 
92 
88 
81 

0 

49 
53 

49 
36 
«83 
34 
38 
37 
36 
40 
36 
88 

0 

85 
85 

77 
79 
100 
74 
72 
78 
79 
82 
76 
72 
78 

"68* 

0 

38 
42 

29 
31 
28 
22 
24 
23 
24 
24 
22 
24 
36 
26 
17 

0 

78 
80 

0 

48 
50 

0 

59 
63 

■  •  ■  • 
89 

72 
78 
72 

78 

fa  M  S  M  a 

26 
26 
29 
26 

79 
81 
80 

"82' 

98 
92 
100 
91 
88 
90 
87 
88 
97 
92 
85 
90 
95 
88 

62 
65 
60 
70 
64 
59 
60 
62 
64 
68 
60 
60 
69 
60 
55 
60 
67 

"75* 

42 
25 

32 

92 
96 
84 
78 
84 
81 
84 
87 
88 
80 
84 
88 
78 

"86" 
92 
87 

44 

164 
84 
34 
88 
41 
44 
89 
40 
83 
37 
34 
30 
38 
44 
40 
42 

84 

28 

82 

32 

76 

74 
78 
74 
78 
76 
80 
86 
73 
75 
84 
70 

■'to' 

86 

83 

•94 

>'82 

83 

22 
22 
22 
26 
30 
23 
29 
23 
24 
22 
24 
25 
29 
26 
29 
20 
b86 
26 

74 

26 

84 

96 

42 
44 

90 
96 
90 
90 

101 
96 
91 
95 

100 
94 

64 
66 
70 
72 
69 
68 
61 
67 
66 
64 
72 

76 
76 

30 
32 

88 
98 
94 
87 
93 
100 
96 

54 
47 
44 
43 
46 
46 
44 
48 

66 

73 
73 

80 

22 
25 
23 

78 
77 

"76" 

25 
33 

98 
96 
98 
98 
.     96 
90 
94 
92 
92 
91 
94 
86 

98 
98 

50 
50 
46 
48 
48 
42 
48 
45 
50 
48 
51 
48 

43 
45 

98 
95 
100 
102 
97 
94 
98 
94 
94 
94 
96 
90 

102 

102 

94 

94 

64 
70 
68 
69 
69 
62 
60 
62 
70 
65 
72 
64 

42 
44 
45 
43 

96 
90 
98 
94 
92 
88 
90 
88 
92 
90 
92 
86 

100 
101 
96 
86 
88 
95 
92 

64 
64 
56 
62 
62 
60 
60 
62 
66 
62 
66 
62 

45 
44 

38 
38 
38 
52 
42 

100 
91 

100 
98 
96 
88 
92 
88 
98 
89 
90 
82 

88 
88 
92 
86 

50 
56 

44 

49 
48 
44 
42 
50 
44 
47 
52 
52 

27 
28 
29 
26 

77 

:i2 

72 

92 
90 
80 
84 
82 

38 
89 
82 
28 
36 

79 

30 

78 
78 
78 
74 
88 
68 

67 
59 
56 
68 
56 
56 
46 

20 
24 
28 
24 
28 
24 

20 
23 
9 
84 
17 
26 
—  6 

85 
84 
74 

86 
91 
89 
85 
86 

36 
48 
38 

26 
30 
20 
30 
29 

78 

53 
53 
49 
44 

42 
48 
45 

22 

8 

12 

0 

0 

4 

10 

—18 

100 
100 

90 

40 

94 

99 
89 

94 
86 
88 

58 
24 

44 

42 
42 

101 
94 

58 
26 

88 
80 

34 
18 

78 

5 

•  •  »• 

90 
93 

52 
51 

94 

52 

91 
89 
89 

29 
28 
33 

83 

78 

77 

24 
23 
28 

58 
58 
56 

5 
2 
3 

65 

61 
65 

13 
12 
15 

"'90* 

"iV 

"96" 

56 

88 

"i\ 

"166 

11945— SIO  90- 


■30 
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Tabus  of  Maximum  and  Minimum  Tkmpbratubzs  and 


Stations. 


Illinois—Conti  nned. 

Belvidere 

Brush  Hill 

Cairo 

Cedarville 

Cen  tralia 

Charleston 

Chicaf(o 

Collinsville 

Dwight 

Fairfield 

Flora  

Fort  Sheridan 

Gibson  City 

Goloonda 

Greenville 

GriKgsville 

Hennepin 

Irishtown ^... 

Jordan's  Grove 

Lacon 

Lake  Forest 

Lanark 

Louisville 

Martinsville 

Mascontah 

Mattoon 

McLeansborough  . . . . . 
Mount  Morris 

OIney - 

Oneida 

Osweo^o 

Ottawa 

Palestine 

Pana...l 

Pekin 

Peoria 

Petersburgh 

Philo 

Pontiac 

Quincy 

Bichview 

Biley  ( Marengo) 

Bockford 

Bock  Island  Arsenal .. 

Sandwich 

South  Evanston 

Springfield 

Sumner 

Sycamore 

Watseka 

Wheaton 

White  Hall 

Willow  Hill 

Windsor 

Winnebago 

Woodstock 

Indiana: 

Angola 

Bine  Lick   .,.rr»*.>'Pr. 


Janoary. 


H 

CI 


50 
60 
61 
48 
60 
58 
55 
62 
57 
62 
60 
49 
53 
58 
62 
60 
58 
63 
62 
57 
50 
46 


50 
60 
63 
62 
51 
52 
56 
52 
57 
59 
62 
60 
60 
62 
56 
54 


61 
48 
46 
55 
55 
52 
58 
58 
49 
56 
48 
60 
56 
58 
52 
49 

52 

r>5 


£ 

S 


•  6 

-  2 

19 

-  7 
12 

6 

0 

12 

-  8 
18 
14 

3 

-  3 
16 

9 
2 

-  3 
13 
16 

4 

-  1 
-3 


10 

10 

6 

16 

-  8 
13 

-  6 

-  6 

-  6 

14 

12 

-3 

0 
4 
2 

-  4 


13 

-  6 

-  4 
•  4 

-  5 

-  3 
2 

10 
-4 
.  3 

-  6 
6 

14 
5 

-  8 
-11 

9 
17 


February. 


H 


43 
58 
70 
45 
74 
64 
48 
66 
50 
73 
70 
45 


64 
65 
58 
52 
66 
70 
52 
44 
44 


50 


63 
73 
44 

71 
48 
43 
49 
61 
66 
50 
52 
56 
60 
52 


69 
40 
44 
50 
48 
46 
56 
70 
44 
57 


56 
66 
64 
44 


51 
65 


a 


-15 

-  4 
6 

-16 
0 

-  4 
-11 

-  1 
-12 

5 

2 

-17 


8 

-  1 

•  4 

7 

1 

3 

-8 

13 

12 


2 


-  2 
4 

-11 

3 

-10 

-12 

■11 

1 

'  4 

-10 

•5 

0 

-  5 
■8 


1 
-15 
-14 
-11 

1 
•12 
-  5 

0 
■11 
-7 


-2 

4 

■  3 

•16 


■10 
4 


March. 


I 


68 
74 
75 
70 
74 
74 
68 
73 
74 
77 
78 
64 


78 
75 
70 
77 
76 
76 
75 
62 
74 


75 

70 
75 
77 
70 
74 
72 
68 
72 
74 
76 
74 
75 
74 
73 
78 


73 
67 
67 
68 
73 
65 

7:} 

76 
69 
72 
70 
72 
72 
67 
70 


63 
74 


22 
26 
27 
19 
26 
21 
20 
24 
10 
27 
21 
14 


26 
22 
26 
16 
29 
25 
24 
16 
21 


22 
28 
20 
23 
20 
26 
20 
20 
22 
24 
30 
18 
23 
22 
16 
14 


24 

18 
21 
21 
23 
15 
22 
22 
18 
19 
18 
24 
27 
21 
20 


14 
17 


April. 


73 

81 
81 
76 
85 
79 
73 
81 
76 


84 
74 

70 
84 
78 
80 
79 


79 
74 
73 


76 
84 
81 
86 
75 
83 
78 
73 
76 
81 
82 
81 
79 
78 
76 
78 


80 
71 
74 
76 
75 
'77 
78 
84 
72 
76 


80 
80 
80 

78  1 


80 
81 


a 

i 


45 
33 
34 
23 
31 
24 
29 
28 
35 


28 
28 
28 
34 
26 
30 
23 


27 
26 


40 
28 
25 
29 
26 
32 
28 
29 
30 
33 
33 
23 
30 
28 
29 
22 


28 
25 
23 
26 
32 
'28 
26 


25 
27 


28 
31 
83 
26 


28 
26 


May. 


s 


86 
94 
88 
86 
91 
94 
88 
88 
90 
92 
94 
89 


90 
90 
94 
94 
90 
92 
93 
88 
84 


89 
92 
94 
93 
91 
90 
90 
88 
88 
90 
92 
92 


90 
94 
90 
90 
86 
85 
85 
92 
94 
88 
90 
88 
94 


88 
90 


96 
90 


a 


43 
41 
37 
42 
30 
36 
39 
28 
42 
34 
35 


42 
35 
47 
29 
42 
36 
38 
31 
39 


40 
31 
39 
35 
39 
34 
30 
40 
36 
44 
31 
35 


28 
26 
33 
36 
.14 
32 
36 
40 
31 
35 
34 
32 
28 


34 


S3 
36 


32 
36 
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^XNUAL  Range  op  Tkmprraturbs  for  1889,  btc— Continaed. 


June. 

.  Jnly. 

AagQBt. 

September. 

October. 

November. 

December. 

i 

m 

a 

• 

• 

a 

• 

• 

a 

• 

H 

« 

.9 

• 

a 

• 

•«4 

• 

s 

i 

• 

H 
eS 

• 

a 

• 

a 

:s 

s 

'% 

i 

s 

^ 

0 

0 

0 

:a 

s 

a 

S 

0 

o 

o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

97 

48 

91 

56 

94 

51 

88 

32 

80 

20 

53 

2 

58 

15 

112 

96 
90 

50 
46 

98 
91 

62 
62 

96 

88 

61 
62 

93 

88 

40 
45 

83 

36 

73 

20 

74 

26 

85 

88 
95 

37 
50 

90 
96 

59 
60 

91 
92 

56 
59 

88 
90 

37 
40 

82 

27 

60 

14 

70 

18 

96 

93 
90 

54 
54 

92 

88 

53 
54 

85 
79 

26 
35 

86 

42 

84 

35 

57 

12 

64 

15 

101 

93 

46 

94 

57 

90 

56 

88 

39 

80 

%) 

61 

15 

73 

19 

95 

90 

41 

94 

52 

98 

45 

93 

31 

83 

24 

60 

2 

65 

15 

110 

92 
92 
86 

50 
41 

:)9 

92 
93 
91 

62 
53 
52 

92 

89 
95 

60 
50 
46 

92 
87 

84 

40 
33 
31 

72 

58 

14 

7 

71 
60 

19 
13 

78 

26 

iii 

82 
84 

86 
34 

53 
72 

0 
18 

66 
74 

12 
24 

92 

51 

92 

66 

90 

63 

89 

44 

84 

92 

44 

95 

53 

94 

53 

93 

35 

86 

29 

64 

11 

71 

16 

96 

94 

59 

91 

60 

92 

61 

91 

40 

85 

31 

55 

11 

67 

11 

98 

91 

40 

96 

52 

95 

47 

92 

30 

83 

22 

60 

5 

69 

5 

103 

92 
92 

51 
50 

94 
92 

63 
58 

91 
90 

60 
57 

90 
90 

40 
37 

88 

30 

62 

16 

72 

21 

•  •  «  » 

87 

46 

93 

66 

94 

57 

89 

39 

85 

27 

58 

8 

&i 

12  102 

84 

36 

90 

50 

90 

49 

84 

30 

76 

28 

54 

6 

60 

9 

ll»3 

85 

44 

89 

57 

92 

54 

88 

32 

76 

27 

65 

8 

61 

9 

104 

92 

59 

91 

57 

87 

36 

82 

29 

69 

12 

70 

24 

92 
94 

45 

46 

82 
78 

32 
28 

60 
70 

14 
28 

68 
76 

24 

16 

94 

57 

90 

55 

90 

39 

95 

44 

96 

57 

93 

54 

91 

34 

84 

22 

58 

8 

66 

20 

98 

102 

55 

96 

54 

96 

40 

85 

30 

70 

13 

72 

21 

91 
9:) 

46 
47 

95 
95 

52 
62 

98 
91 

52 
59 

91 

87 

28 
41 

84 
81 

18 
31 

65 

14 

70 

22 

108 

92 

40 

96 

61 

98 

60 

94 

39 

86 

28 

58 

0 

66 

8 

108 

90 

46 

9i 

54 

94 

49 

92 

28 

80 

24 

57 

4 

62 

12 

106 

90 

47 

93 

62 

91 

56 

93 

38 

73 

29 

63 

8 

64 

18 

104 

90 

44 

92 

52 

90 

54 

87 

39 

81 

30 

69 

15 

72 

23 

91 

93 

52 

94 

64 

90 

65 

89 

42 

80 

32 

60 

10 

70 

20 

128 

96 
92 

41 
46 

96 
94 

55 
57 

66 
65 

10 
14 

93 

55 

91 

36 

80 

28 

59 

7 

99 

96 

44 

93 

52 

92 

48 

'93* 

28 

82 

20 

64 

14 

67 

16 

101 

90 

42 

96 

52 

98 

48 

94 

32 

80 

26 

58 

2 

64 

14 

106 

93 
92 

84 

"44' 
42 

97 
95 

88 

5:) 
56 
55 

98 
91 
91 

55 

54 
51 

98 
91 
86 

36 
27 

88 
87 
78 

28 
28 
28 

52 

5 

58 

11 

106 

86 

42 

92 

52 

92 

47 

89 

32 

78 

21 

53 

7 

61 

14 

lOH 

86 

36 

91 

50 

92 

54 

87 

34 

8:3 

28 

59 

5 

65 

10 

103 

90 

50 

95 

61 

92 

55 

93 

38 

81 

29 

60 

5 

65 

18 

100 

88 
90 

38 
42 

92 
91 

49 
56 

<93 
90 

•45 
54 

85 
88 

31 
37 

«80 
80 

«27 
30 

57 
59 

13 
7 

67 

14 

96 

85 

39 

93 

51 

92 

48 

89 

29' 

82 

22 

52 

0 

60 

12 

104 

91 

40 

95 

52 

92 

47 

89 

32 

82 

24 

60 

1 

65 

18 

102 

86 

90 

44 

40 

93 
90 

60 
62 

90 
88 

32 
40 

78 
78 

28 
34 

56 
56 

2 
12 

60 
70 

12 
14 

94 

60 

96 

86 
89 
92 

46 

39 
45 

88 
94 
94 

62 
57 
58 

90 
98 

52 

56 

88 
96 

35 
33 

80 
82 

28 
26 

64 
54 

8 
6 

97 

62 

11 

114 

82 
92 

37 
43 

50 
55 

—  1 
17 

56 
64 

6 
17 

97 

54 

92 

50 

90 

34 

77 

27 

107 

89 

44 

89 

60 

88 

58 

87 

40 

79 

30 

72 

17 

66 

27 

86 

468 


REPOBT  OF  THE   CHIEF  SIGNAL   OFFICES. 


Tablk  of  Maximum  ahi>  Minimum  Tempkraturbs  akd 


Stations. 


Indiana — Continoed. 

Bntlerville 

Cannelton 

Colambia  City . . . . 

Colnmbns 

Connenville 

Dana 

lie  Oonia  Springs. 

Delphi 

Farmland 

Franklin 

Hnntertown 

Hnutingbnrgh  ... 

Indianapolis 

Jeffersonyille 

Laconia 

La  Fayette 

Marengo 

Marion 

Mauzy 

Monnt  Vernon . . . . 

Muncie 

New  Providence . . 

Point  Isabel 

Princeton 

Richmond 

Rockville 

Salem 

Scalesville 

Seymonr 

Shelby  ville 

Spiceland 

Sunmau 

Vevay  

Worthingtou 

Indian  Territory : 

Caddo  Creek 

Fort  Gibson 

Fort  Reno  (1) 

Fort  Reno  (2)  .... 

Fort  Sill  (1) 

Fort  Sill  (2) 

Fort  Supply  (1)... 

Fort  Supply  (2)... 

Jimtown.., 

Lehiffh 

Oklanonia 

Iowa: 

Amana 

Ames 

Bancroft 

Belle  Plaine 

Blakeville 

Carroll 

Carson 

Cedar  Rapids 

Clarinda 

Clinton 

Cresco ,. 


January. 


8 


58 
58 
55 
6S 
53 
50 
57 
58 
54 
54 


58 
58 
57 
56 
58 
61 
55 
54 
57 
54 
58 

57 
55 
48 
56 
56 
56 

56" 
55 

58 
56 

76 
64 
69 
59 
71 

62* 

62 

74 


48 
44 
41 


50 
44 
54 
39 


16 
19 

2 
16 
10 

6 
20 

2 

6 
11 


18 

10 

21 

17 

1 

22 

4 

4 

19 

10 

15 

15 
8 
7 
17 
19 
20 

'i2' 
10 
15 
12 

5 

8 

74 

10 

18 

12* 

18 
15 


-8 
-  6 
-7 


-  6 
0 

-  H 
-13 


Febroaiy. 


O 

70 
70 
56 
62 
64 
58 
67 
59 
62 
65 
50 
66 
64 
67 
68 
59 
66 
56 
62 
64 
66 
68 

67* 

60 

64 

64 

68 

64 

"67" 
63 
71 
66 

80 
78 
74 
73 
76 

so' 

75 


47 
48 
36 

'4«' 


47 

59 
46 
40 


a 


0 
8 

-  1 
2 
1 

-  4 
7 

-3 
2 
0 
2 
4 

-  1 
7 
6 

-8 
9 

-  1 

-  3 
5 
0 
2 

"2 
1 

-  4 

2 
6 

4 

'6' 
1 
o 
0 

12 

12 

6 

6 


1 
3 


-14 
-16 
-24 

—21 


-15 
-  6 
-10 
27 


Maioli« 


M* 


76 
76 
62 
72 
73 
70 
72 
70 
70 
60 
58 
76 
71 
73 
79 
71 
81 
62 
69 
72 
72 
76 
80 
76 
69 
70 

78' 
70 

'72' 
72 
76 
73 

80 
80 
77 
77 
79 
80 
78 
83 
76 


66 
68 
73 

'so' 


69 
73 
72 
68 


fl 

s 


23 
21 
19 
24 
24 
22 
26 
14 
18 
26 
24 
28 
22 
25 
24 
19 
25 
22 
19 
26 
26 
18 
20 
27 
17 
22 
22 
27 
27 

'22 
22 
20 
22 

26 
25 
22 
22 
25 
25 
18 
22 


17 
18 
12 

'is 


18 
17 
20 
13 


ApriL 


I 


77 
85 
75 
78 
SO 
79 
80 
76 
80 
81 
70 
80 
80 
84 
86 
81 
84 
76 
79 


80 
86 
80 
81 
80 
72 
79 
83 
80 

'79 

82 
86 

78 

90 
87 
89 
*87 
88 
88 
90 
89 


76 
80 
82 

'eo' 


78 
85 
80 
80 


fl 


26 
28 
25 
26 
25 
27 
30 
20 
24 
27 
28 
31 
23 
28 
28 
22 
35 


20 


30 
23 
22 
30 
23 
28 
28 
30 
28 

'23 
22 
25 
28 

42 

38 
34 
34 
41 
41 
34 
86 

'56' 


21 
26 
30 

'36 


22 
24 
22 
20 


May. 


H 


84 
92 
91 
89 
89 
92 
85 
91 
90 
90 
90 
91 
90 
90 
97 
98 
91 
88 
91 
91 
91 
94 
90 
91 
90 
90 
88 
94 
90 

"96' 
89 
94 

88 

«88 
85 
92 

•90 
92 
92 

100 
98 


86 

86 

»80 

'is' 


fl 
s 


39 
34  ' 
32 
35 
40 
'28 
38 
25 
32 
30 
.% 
38 
35 
37 
34 
31 
37 
31 
29 
40 
36 
30 
32 
39 
28 
30 
38 
39 
40 

"36' 
31 
35 
^ 

48 

35 

34 

32' 

38. 

38 

35 

32 

46 

46 


31 
38 
44 


29 
38 

80      29 


84 
88 
92 
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Ahnual  Rangk  of  Tbmpxratubbs  roB  1889,  xtc— Continued. 


Jane. 

July. 

Angnet. 

September. 

October. 

November. 

Deoember. 

• 

H 

. 
a 

9 

• 

H 

a 

• 
ca 

« 

• 

i 

• 

a 

• 

• 

a 

3 

:^ 

P^ 

» 

S 

» 

9S 

s 

S 
0 

:» 

^ 

s 

:» 

^ 

o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

84 

76 

f<5 

64 

84 

60 

77 

40 

72 

:30 

70 

9 

65 

23 

85 

95 

44 

94 

52 

92 

59 

90 

:w 

8:^ 

30 

62 

16 

71 

19 

87 

92 

40 

93 

60 

93 

47 

92 

34 

66 

25 

56 

15 

64 

18 

94 

90 
88 

45 
40 

90 
90 

60 
58 

44 

40 

78 
79 

31 
25 

68 
67 

16 
8 

66 
66 

24 

20 

89 

55 

90 

89 

93 

44 

<«92 

*»58 

93 

55 

93 

37 

<89 

•27 

58 

9 

•70 

•25 

97 

88 

47 

88 

60 

86 

55 

86 

41 

79 

29 

71 

19 

70 

25 

81 

92 
92 

50 
60 

89 

90 

46 
52 

89 
94 

30 
34 

78 
80 

23 
26 

61 
64 

7 
16 

64 
64 

16 
26 

tff 

42 

92 

90 
85 
90 

46 
46 
49 

89 

«90 

88 

37 

'"56 

48 

79 

29 

65 

11 

67 

21 

92 
94 

60 
62 

91 
90 

59 
59 

81 

25 

72 

14 

68 

28 

90 

89 

41 

92 

57 

91 

51 

90 

39 

80 

29 

67 

12 

68 

24 

93 

92 

4tt 

92 

58 

90 

54 

90 

40 

80 

30 

74 

21 

69 

21 

85 

98 
89 

45 

40 

95 

53 

93 

50 

92 

32 

80 

24 

61 

5 

68 

19 

103 

91 

48 

90 

59 

93 

58 

93 

41 

86 

33^ 

75 

19 

71 

20 

84 

87 

42 

92 

53 

90 

48 

91 

38 

70 

25 

62 

6 

66 

20 

93 

93 

:{9 

96 

51 

91 

43 

92 

81 

74 

20 

63 

0 

&5 

12 

99 

93 

47 

94 

58 

89 

57 

88 

41 

80 

32 

70 

17 

68 

25 

m  m  m  m 

92 
94 
94 

42 

41 
42 

96 

•96 

98 

61 

•54 

54 

65 

25 

»89 
96 

k51 

55 

«91 
92 

132 
30 

25 

9 

66 

22 

■  •  «  * 

91 

46 

96 

60 

93 

55 

89 

36 

81 

SO 

71 

14 

70 

24 

94 

87 

44 

91 

54 

90 

48 

91 

31 

78 

17 

65 

10 

68 

15 

90 

92 

42 

94 

62 

90 

54 

94 

36 

80 

26 

70 

8 

76 

19 

'98 

91 

44 

93 

64 

92 

59 

91 

43 

85 

32 

74 

19 

74 

28 

88 

88 

46 

88 

62 

87 

48 

88 

39 

78 

27 

68 

16 

67 

24 

86 

90 
94 

60 
54 

89 
93 

57 
47 

80 
79 

31 
25 

60 
65 

14 

7 

66 

67 

28 

19 

93 

41 

93 

36 

94 

90 

40 

92 

53 

89 

43 

91 

33 

45 

22 

70 

6 

68 

19 

91 

92 

44 

94 

57 

91 

54 

94 

40 

80 

28 

76 

10 

72 

18 

89 

86 

46 

86 

63 

87 

58 

83 

38 

76 

30 

68 

12 

64 

23 

87 

91 
94 

62 
47 

•96 
100 

•72 
60 

»98 
96 

164 
55 

94 
91 

44 

38 

73 
70 

18 
20 

k76 

78 

k26 
22 

86 

30 

92 

92 

51 

10:) 

53 

100 

58 

92 

41 

94 

31 

75 

18 

79 

14 

97 

92 

50 

103 

&5 

100 

56 

92 

39 

92 

29 

75 

17 

74 

14 

97 

94 

54 

103 

60 

102 

59 

94 

38 

94 

35 

78 

20 

77 

21 

96 

96 

53 

104 

58 

104 

57 

96 

38 

94 

35 

97 

19 

78 

21 

•  •  s  • 

97 

50 

111 

51 

103 

57 

95 

.35 

97 

29 

75 

17 

81 

11 

112 

95 

50 

105 

53 

97 

59 

93 

30 

96 

32 

75 

18 

80 

14 

102 

""^93' 
89 

61 

60 

»»50 

41 

188 

166' 

94 

156 
64 
56 

46 

*  *  «  •  • 

'ioo* 

91 

62 
64 
56 

47 

"  "92 

87 

46 
44 
38 

30 

85 

31 

80 

22 

58 

3 

64 

8 

108 

89 

48 

92 

50 

94 

47 

90 

32 

84 

20 

60 

2 

64 

4 

«  •  •  ■ 

93 

48 

95 

46 

94 

60 

90 

26 

a3 

17 

55 

—  3 

52 

2 

119 

92 
104 

56 
54 

90 
93 

28 
32 

82 

87 

28 
26 

60 

68 

2 
0 

66 
66 

6 
6 

95 

48 

102 

60 

125 

k90 
92 
93 

k52 
56 
47 

"'"9i' 
89 

40 
40 
26 

"*83' 

81 

26 

26 
24 

»'58 
56 

4 
7 
5 

65 
67 
64 

5 

6 

10 

90 

35 

95 

47 

110 

92 

48 

93 

59 

92 

56 

86 

34 

82 

31 

61 

6 

68 

2 

99 

94 

43 

96 

52 

94 

51 

91 

29 

H2 

24 

58 

5 

65 

10 

106 

87 

35 

92 

46 

94 

42 

86 

26 

81 

22 

55 

—  2 

57 

3 

121 

470 


B£POBT  OF  THE   CHIEF   SIGNAL  OFFICES. 


Table  of  Maximum  and  Minimum  Tempkkatures  and 


SUtionB. 


lo  wft— Cod  tinaed . 

CroDiwell 

Davenport 

Denmark 

Dee  Moines  (1) 

Dee  Moines  (2) 

Dabnqne 

Dnnkerton 

Dysart 

Eagle  Grove 

Elkader 

Fayette 

Fort  Madison  (near)  — 

Gillett 

Glenwood(l)  

Glenwood  (iJ) 

Orinnell 

Hampton 

Humboldt 

Independence 

Iowa  City 

Keokuk 

Logan 

McCansland 

Manson 

Maquoketa.... 

Monticello 

Mount  Pleasant 

Mount  Vernon 

Musoatine 

Osceola 

•  Oskalooea(l) 

Oskaloosa(2) 

SaoCity 

Sioux  Citv 

Storm  Lake 

Vinton 

Washington 

Webster  City 

Wesley 

West  Bend 

Kansas: 

Allison 

Augnsta 

Befieville 

Bendena  

Brookville 

Buffalo  Park. 

Bunker  Hill 

Burr  Oak 

Cameiro 

Cawker  City 

Colby 

Collyer 

Concordia 

Concordia  (6  miles  NW.). 

Conway 

Cunningham 

Dodge  City 


January. 


9 


55 
52 
50 
50 
52 


45 


9 


u 


2 
1 


3 
1 

4 


—10 


^6 
47 
56 


44 
48 
45 

:» 

40 
42 
49 
62 

48 


44 

52 
46 
55 
51 
53 


50 
43 


45 
55 


40 


54 


47 


60 
54 
60 
50 
56 
51 
53 
52 
56 
56 


57 

58 


»-14 
—13 

—  2 

—  7 

—  4 

—  4 

—  2 

—  6 
—10 

—  2 
1 
1 
0 


—  4 


—  8 


6 
4 


8 
2 


16 
10 

4 
10 

5 
11 

0 

-  9 
8 
3 

-  8 


10 
11 


February. 


• 

8 

fl 

a 

:^ 

o 

o 

—  9 

48 

—12 

50 

45 
52 
45 
47 
44 


40 
42 
52 


62 
58 
45 
42 
44 
38 
43 
62 
54 


-8 

52 

46 

—  6 

44 

0 

52 

-  6 

48 

-9 

49 

—  7 

52 


45 


42 
50 
46 
44 


55 


50 
52 
68 
55 
64 


62 
55 
52 
55 
56 
58 


69 
60 


■15 
13 
16 
-19 
-19 


-22 
-25 

-7 
-16 
-11 
-12 
-14 
-22 
-21 
-18 
-11 
-  8 
-11 


—22 


-18 
-  6 
-18 
-8 
-12 
-10 


—17 


-16 
-9 
-16 
■28 


—  4 


8 

7 

2 
(> 

5 


-  6 
-10 
-11 
.  2 
.  7 
-12 

-  5 
.  4 
-8 


March. 


M 


69 
66 
66 
G9 
70 

•*e9 

63 


65 

68 
67 


76 
70 
68 
67 
66 
63 
60 
68 
70 


68 
70 
68 
65 


70 
71 
66 


67 
76 
68 
66 


70 
68' 


82 
72 
82 
66 
70 
78 
70 
70 
73 
76 


77 
78 


23 

«  •  ■ 

15 
16 
23 

15 


20 
12 
22 
18 
14 
8 
15 
14 
10 
21 
21 
21 
12 


16 


16 
25 


22 

20 
20 


15 


18 
21 
20 
10 


14 


36 
20 
30 
16 
15 
22 
19 
18 
25 
18 
12 


10 
21 


ApriL 


9 


76 
72 
82 
82 
78 
<82 
82 


78 
78 
76 


86 
82 
78 
82 
^78 
76 
73 
80 
84 


S 


'87 
25 
32 
24 
24 
25 
n26 
16 


74 
77 
78 
77 
81 
76 


82 

85 
78 


77 
83 
81 
52 


89 


96 
89 
92 
84 
90 
84 
85 
90 
87 


90 
92 
88 


26 
10 
:0 
32 
28 
22 
18 
19 


24 

28 
21 


32 
26 
19 
33 
30 
25 
30 
30 
30 
31 


26 
27 
26 
18 


37 


46 
28 
24 
36 
30 
34 
42 
28 
33 
36 


32 
37 
35 


May. 


a 


86 
84 
87 
85 
85 
i84 
81 
85 
82 
83 
89 


92 
90 
83 
83 

das 

79 

80 
86 
90 


84 
86 
86 
82 
87 
87 


86 
90 
86 


81 
92 
88 
88 


90 
88 
90 


98 
90 
98 
92 


93 
93 
98 
89 
92 
90 
95 
94 


a 


34 

40 
32 
43 
41 
31 


40 
34 
40 


.t7 

34 
31 
26 


40 
42 
40 
50 
38 
44 
41 
29 


41 
28 
33 
34 
26 
31 
39 
38 


33 
87 
38 
32 
341 
36 
■36 
34 
3tK 

27 
38 
43 
34 
30 
33 
32 
24 
42 
37 
38 
28 
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Annual  Range  of  Tkmpkraturbs  for  1889,  etc.— Continneil. 


Jan6. 

July. 

Aogast. 

September. 

October. 

November. 

December. 

■ 

• 

• 

• 

■ 

• 

& 

s 

Q 

s 

a 

H 

eS 

a 

s 

a 

s 

a 

8 

a 

s 

• 
a 

s 

^ 

i 

c 

^ 

s 

:« 

^ 

X 

;^ 

s 

» 

s 

:^ 

s 

S 

« 

o 

o 

0 

0 

0 

0 

0 

<> 

0 

0 

0 

0 

0 

0 

"'"89" 

43 
39 

"92' 

65 
55 

• 

92 

54 

86 

33 

81 

27 

58 

5 

65 

10 

104 

88 
90 
88 

"36" 
37 

89 

94 
93 

45 
47 

65 
63 

3 

4 

69 
69 

5 

8 

91 

51 

86 

31 

85 

26 

106 

88 

42 

95 

50 

94 

50 

90 

31 

79 

22 

60 

8 

67 

10 

111 

d94 
86 
90 

i>50 
45 
49 

92 
94 

53 
53 

90 
94 

55 

49 

88 

32 

84 

18 

64 

—  5 

58 

—  2 

*  «  •  • 

90 

43 

94 

56 

94 

50 

90 

30 

74 

18 

52 

2 

60 

4 

116 

88 

38 

94 

40 

97 

37 

90 

23 

80 

16 

56 

0 

62 

4 

122 

94 

50 

95 

62 

93 

60 

90 

33 

76 

28 

56 

8 

66 

8 

102 

"  *96" 

53 

40 

"'98' 

59 
53 

"'94' 

56 
54 

*""96' 

34 
34 

"si" 

20 
20 

65 

"3 

76 

4 

109 

96 

36 

96 

48 

92 

52 

88 

28 

94 

24 

58 

4 

66 

2 

110 

87 

39 

90 

53 

90 

48 

85 

33 

79 

28 

54 

2 

65 

7 

104 

90 

35 

93 

46 

94 

42 

87 

28 

82 

16 

57 

—  6 

60 

2 

116 

»90 
84 

*32 
48 

«»98 
87 

41 
63 

•87 
84 

26 

82 
73 

15 
29 

60 
56 

—  5 

•  •  •  •  • 

58 
61 

5 
10 

92 

•  •  •  • 

88 

47 

91 

5:^ 

85 

52 

82 

36 

73 

31 

54 

13 

63 

17 

102 

89 

43 

91 

54 

93 

55 

87 

33 

80 

31 

58 

8 

69 

10 

101 

98 

36 

94 

48 

94 

48 

87 

30 

82 

20 

58 

3 

a5 

5 

109 

92 

92 

58 
52 

86 
88 

36 
32 

85 
76 

24 
27 

56 
60 

6 

8 

92 

42 

94 

52 

60 

8 

116 

90 

48 

96 

58 

94 

55 

90 

32 

81 

20 

60 

8 

65 

8 

w  «  »  * 

90 

40 

95 

47 

93 

49 

90 

28 

79 

20 

57 

2 

(^ 

4 

113 

87 

52 

89 

61 

87 

60 

84 

38 

76 

32 

55 

8 

67 

11 

95 

92 

50 

96 

57 

93 

55 

91 

33 

82 

29 

56 

2 

64 

5 

•  *  »  • 

91 

45 

94 

51 

91 

50 

89 

31 

84 

22 

57 

7 

67 

9 

103 

90 

49 

93 

58 

94 

56 

88 

34 

78 

28 

62 

1 

67 

6 

104 

94 
88 

40 
43 

98 
88 

53 
53 

98 
90 

48 
52 

80 

34 

82 

22 

64 

0 

60 

5 

107 

92 

58 

92 

55 

85 

36 

84 

22 

58 

2 

62 

5 

92 
91 

"49" 

89 
91 

60 
47 

84 
86 

35 
32 

76 
80 

20 
19 

53 
59 

2 

1 

54 
65 

5 
6 

86 

47 

107 

98 

47 

98 

34 

98 

54 

93 

32 

82 

28 

58 

6 

56 

10 

107 

92 

42 

94 

53 

96 

52 

91 

30 

86 

20 

55 

—  2 

58 

2 

•  9  •  • 

91 

33 

94 

44 

92 

39 

88 

25 

82 

12 

54 

—  9 

54 

3 

122 

96 

55 

90 

54 

87 

30 

78 

21 

51 

1 

51 

4 

52 

99 

49 

95 

50 

47 

90 

24 

60 

12 

4 

•  •  •  • 

96 
90 

56 

100 
94 
94 

62 
"63" 

98 
90 

62 

94 

40 

90 

32 

74 
63 

4 

18 
13 

58 

79 

46 

35 

49 

9 

•  •  •  « 

107 
98 

60 
54 

107 
102 

56 
64 

105 
106 

60 
64 

60 
62 

11 
14 

76 

as 

8 
18 

96 

40 

87 

3:1 

108 

100 

54 

106 

62 

104 

62 

98 

42 

92 

32 

62 

12 

68 

12 

111 

96 

44 

97 

47 

93 

45 

89 

32 

86 

24 

55 

8 

68 

2 

»  w  »  « 

103 

60 

96 

62 

92 

4*2 

91 

30 

62 

12 

72 

10 

92 

54 

86 

66 

91 

60 

92 

40 

84 

27 

64 

15 

70 

7 

103 

96 
104 

42 
52 

106 
106 

58 
58 

98 

56 

102 

-  50 

92 

3S> 

61 

66 

25 

•  •  •  • 

91 

50 

97 

51 

95 

53 

92 

34 

85 

28 

62 

10 

72 

4 

104 

92 

50 

92 

56 

90 

30 

86 

26 

58 

8 

74 

2 

92 

52 

98 

56 

96 

49 

94 

36 

90 

30 

70 

12 

76 

10 

•  •  »  • 

95 

48 

99 

59 

94 

53 

96 

36 

95 

28 

71 

12 

75 

3 

103 

93 

48 

105 

53 

97 

55 

95 

32 

94 

28 

66 

16 

78 

10 

113 
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BEPOBT  OF  THE   CHIEF  SIGNAL   OFFICES. 


Tabue  of  Maximum  ahd  Minimum  Tsmpkratitrbs  ahd 


January. 

Febroaiy. 

March. 

ApriL 

May. 

Stations. 

• 

• 

s 

i 

a 

• 

• 
a 

i 

0 

20 

a 

o 

94 
89 
90 
88 

3 

• 

8 

7^ 

s 

Kansas— CoDtiuned. 

Dorranoe - 

o 
58 

o  . 
9 

o 
64 

o 
-10 

o 
80 

o 

25 
32 
33 
38 

100 
92 
87 

o 

42 
35 
34 

Eloo 

Elk  Falls 

60 
60 

7 
16 

73 
58 

0 
—  4 

80 

20 
20 

Ellis  (1) 

Ellis  (2) 

94 
96 
89 
96 
92 
87 
91 
94 

100 
80 
94 
84 
93 
96 
90 
93 
95 
93 

100 
87 
95 

35 
35 
35 
40 
30 
38 
32 
25 
28 
40 
38 
34 
38 
38 
33 
35 
50 
87 
46 
41 
40 

Ellsworth 

57 
54 
58 
56 
52 
51 

12 
4 

12 
5 
3 
0 

65 
68 
66 
60 
66 
66 

—  4 

—  6 
4 

—12 

—  6 

-10 

70 
74 
81 
74 
74 
76 

18 
18 
25 
12 
20 
16 

95 
89 
88 
89 
89 
88 

38 
32 
39 
31 
30 
31 

Emporia  •.••.«.... 

Englewood ............. 

Fort  Hays 

Fort  Leavenworth 

Fort  Riley 

Fremont  (Atkln) 

Gibson - 

55 
51 
58 
54 
54 
56 
54 
48 
57 

4 

4 

10 

14 

13 

4 

8 

2 

10 

56 
66 
60 
60 
76 
60 
69 
54 
67 

—14 

—  5 
—12 

—  2 

4 

—  4 

—  6 
—14 

0 

76 
70 
74 
76 
81 
76 

n 

74 
79 

16 
20 
24 
26 
18 
20 
14 
14 
28 

90 
84 
90 
83 
90 
94 
84 
90 
88 
94 
90 
85 
90 

31 
38 
86 
36 
34 
34 
32 
34 
38 
28 
39 
36 
30 

Globe 

Gorbam 

Grainfield 

Grenola 

Grinnell 

Halstead 

Havensville 

Hays  City 

Horton 

Hnff  oton 

52 
55 
56 

10 

7 

10 

Independence 

Kanopolis 

69 
64 

—  4 

—  9 

77 
72 

20 
31 

Kellogg 

La  Harpe 

10 
7 
4 
4 
5 
—  6 

"'66' 

66 
56 
70 

1 

—  4 

—  6 

—  5 

—  6 
—10 

64 
77 
72 
69 
T9 

26 
13 
21 
19 
17 
20 

83 
89 
81 
89 
'90 

43 
25 
90 
32 
26 
30 

89 
89 
86 
93 
96 

48 
88 
37 
37 
32 
32 

Lawrence 

49 
52 
52 
54 

Leavenworth 

Leavenworth  Mil.  Prison 
Lebo 

Leoti 

Lineoln 

Lisbon 

74 
72 
78 
74 

26 

20 
16 
14 

98 
96 
95 
94 
90 
92 
90 
96 
100 
95 
95 

42 
38 
35 
30 
34 
32 
30 
38 
40 
49 
43 

MoAllaster 

50 
55 
48 

—  8 
10 

-  2 

58 
62 
53 

—17 
—10 
—11 

80 
90 
89 

30 
32 
25 

MiM^kfiyilli^ 

Manhattan(l) 

Manhattan  (2) 

Monument ............. 

56 
50 
52 

0 
0 
2 

58 
60 
58 

—10 
—10 
—  5 

70 
62 
74 
80 
72 
74 

20 
14 
26 
21 
SO 
24 

88 
80 
96 
86 
90 
87 

28 
96 
34 
36 
42 
36 

Morse 

Oakley 

Offerle .». 

Ogallah 

55 
52 

15 
5 

58 
56 

-8 
—10 

Qninter 

Eiohfield 

Borne 

55 
56 
57 
63 

58 
48 

10 

10 

8 

5 

6 

—  6 

78 
52 
64 
67 
72 
55 

—  6 

—  8 

—  4 
—10 

—  2 
—16 

77 
86 
76 
79 
80 
76 

18 
14 
16 
18 
24 
20 

86 
85 
88 

32 
88 
41 

88 
86 
92 

42 
34 
35 

Bnsaell 

Salina 

Santa  F6 

Sedan 

85 

88 

38 
36 

88 
92 

40 
40 

Seneca 

Sharon  Sprin«rs 

Topeka 

53 
53 
54 
50 
51 
54 

3 

—  8 

12 

10 

3 

9 

69 
54 
62 
56 
66 
58 

—13 
—15 

-  6 

-  8 

-  8 
—10 

72 
72 
74 
72 
72 
80 

16 
20 
18 
18 
20 
22 

90 
87 
90 
84 
90 
92 

23 
28 
30 
38 
38 
32 

89 
97 
92 
92 
94 
94 

30 
34 
30 
45 

Tnbnne.... 

Victoria 

Wa  Keenev 

Wakefield*. 

36 

Walker 

40 
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Annual  Range  of  Tsmpkraturss  for  1889,  BTC.--Oontinaed. 


Jane. 

July. 

August. 

September. 

October. 

Noyember. 

December. 

• 

• 

a 

3 

• 

1 

• 
a 

s 

• 

3 

• 

1 

1 

o 

• 

1 

• 

• 
a 

9 

9 

a 
0 

i 

o 

o 

o 

o 

o 

O 

o 

0 

0 

0 

0 

0 

0 

102 

60 

104 

54 

99- 

67 

98 

46 

99 

27 

64 

18 

74 

6 

114 

94 
95 

50 
55 

94 
97 
98 
94 

55 
60 
49 
68 

91 
91 
96 
92 

36 
38 
30 
50 

89 

28 

96 
106 
104 

57 
51 

58 

66 
71 
70 

20 
14 
20 

80 
72 
67 

29 

4 

10 

89- 
82 

29 
38 

94 

58 

w  •  •  • 

96 

56 

102 

60 

100 

57 

100 

45 

85 

40 

70 

14 

60 

18 

106 

92 

49 

97 

58 

94 

62 

90 

41 

85 

81 

67 

12 

72 

9 

102 

102 

56 

102 

02 

96 

60 

94 

37 

97 

32 

68 

18 

74 

12 

98 

93 
92 

44 
44 

106 
93 

47 
55 

101 
91 

46 
56 

99 
90 

33 
34 

90 
86 

29 
32 

66 

9 

73 

7 

99 

94 

50 

98 

55 

94 

55 

98 

36 

89 

:«{ 

63 

11 

73 

5 

108 

103 

106 

89 

42 
45 
62 

102 

100 

88 

31 
30 
41 

90 

20 

68 

10 

73 

1 

100 
90 

50 
56 

114 
93 

47 
62 

85 

29 

67 

10 

71 

7 

98 

96 
90 

55 

48 

104 
98 

44 

98 
99 

68 
56 

90 
99 

44 

50 

63 

a5 

13 
17 

70 
66 

4 
10 

86 

35 

101 

96 

57 

102 

52 

99 

62 

96 

40 

90 

38 

72 

17 

74 

9 

98 

102 

50 

106 

60 

108 

60 

96 

42 

90 

39 

66 

18 

76 

13 

112 

92 

51 

96 

56 

94 

55 

90 

85 

88 

32 

68 

11 

70 

5 

102 

96 

58 

99 

58 

96 

53 

98 

87 

92 

31 

68 

8 

68 

3 

113 

96 

57 

108 

65 

98 

67 

95 

45 

80 

40 

70 

12 

68 

10 

108 

92 

56 

94 
105 
101 

58 
63 
58 

93 

57 

96 

41 

94 

32 

92 

56 

98 

54 

98 

41 

86 

82 

72 

14 

75 

10 

105 

96 

60 

100 

60 

98 

62 

88 

40 

92 

30 

60 

11 

69 

3 

109 

96 

38 
48 

90 

34 
39 

69 

14 
16 

72 

•  •  •  *  ' 

4 

11 

58 

68 

66 

•  •  •  • 

90 

52 

94 

56 

89 

57 

89 

38 

85 

29 

65 

11 

72 

11 

98 

91 

49 

93 

56 

92 

55 

91 

35 

87 

28 

67 

10 

73 

11 

98  , 

92 

45 

91 

58 

91 

59 

88 

39 

85 

29 

60 

8 

70 

7 

97 

94 

48 

99 
108 

53 
45 

98 
100 

93 
104 

53 

48 
59 
58 

95 

94 

99 

100 

33 
22 
38 
38 

98 

28 

73 

12 

74 

6 

105 

85 
90 

28 
30 

60 
64 

14 
10 

73 
72 

5 
16 

100 

56 

108 

a5 

*  w  •  • 

98 

50 

108 

60 

102 

52 

98 

28 

90 

28 

65 

14 

66 

11 

125 

97 
97 

42 

41 

100 
98 

52 

50 

97 
97 

50 
51 

95 
101 

30 
30 

98 
96 

33 
26 

71 
75 

4 
0 

66 

11 

112 

96 

54 

96 

62 

IW 

56 

92 

32 

91 

98 

64 

10 

70 

0 

»  •  •  w 

98 

48 

108 

60 

100 

60 

96 

30 

88 

28 

60 

10 

68 

6 

118 

90 

50 

90 

50 

88 

54 

82 

34 

80 

28 

60 

18 

60 

18 

100 

98 

50 

106 

58 

106 

64 

102 

44 

88 

36 

62 

14 

70 

7 

111 

93 
95 

52 
55 

98 
101 

60 
65 

97 
95 

35 
40 

95 

8d 

33 
30 

70 
62 

10 
15 

72 

68 

5 
15 

102 

65 

110 

94 

53 

100 

60 

104 

60 

94 

38 

90 
98 
90 

30 
35 
33 

60 
70 
74 

7 

20 
15 

68 
80 
74 

4 

18 
8 

114 

94 

50 

100 

58 

96 

58 

92 

36 

118 

91 

53 

98 

55 

96 

56 

90 

38 

86 

32 

58 

12 

68 

10 

106 

96 

54 

98 

56 

93 

102 
100 

61 
55 
60 

91 

97 

100 

47 
30 
42 

92 

:)6 

»58 

*2S 

70 

12 

102 

99 

52 

103 

59 

90 

34 

76 

16 

75 

11 

105 

91 

56 

94 

60 

94 

56 

95 

34 

93 

27 

64 

7 

70 

1 

HI 

no2 

94 

360 
53 

100 
91 

60 
48 

92 

91 

36 

88 
90 

29 
26 

•  70 
74 

17 
4 

93 

43 

67 

9 

107 

99 

43 

105 

48 

102 

48 

96 

28 

90 

28 

60 

14 

66 

8 

120 

96 

55 

103 

60 

98 

57 

96 

39 

86 

29 

68 

15 

70 

10 

109 

92 

54 

99 

60 

99 

60 

92 

46 

92 

38 

64 

17 

70 

10 

107 

98 
98 

58 
56 

100 
104 

62 
62 

98 
100 

59 
60 

""96* 

'34' 

'96 

"36' 

64 

"12* 

"'76' 

••"2' 

114 

474 
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Table  of  Maximuv  ajxd  Mikimum  Tsmpbratokss  and 


January. 

February. 

March. 

ApriL 

Stations. 

o 

• 

a 

IS. 

a 

i 

78 
72 

• 

1 

• 
0 

i 

i 

Kanoao    Continued. 

Walnut  Orove...... .... 

o 

o 

o 

20 
21 

0 

0 

0 

92 
85 
96 
88 
89 
96 
86 

81 

90 

491 

0 

36 
35 
37 
37 
42 
32 
34 

36 
41 
37 

WcllinfiTton. ...... ...... 

55 

10 

78 

—  5 

85 

33 

Weakan 

Wichita 

54 
57 
56 
54 

57 

10 

10 

10 

4 

13 

72 
60 
55 
70 

63 
65 
74 

—  2 

—  5 

—  4 

—  6 

4 
5 
9 

75 
73 
72 

80 

66 
76 

82 

6 
16 
26 
16 

18 
25 
22 

90 
90 
90 
89 

71 
85 

87 

36 
40 
32 
29 

!K 
26 

28 

Wilson 

Winona 

Tates  Center 

Kentucky : 

Ashland....  •• 

Bemstadt 

BowliniF Green  ......... 

61 

16 

Canton. ............ .... 

Earlinirton . ...... ...... 

Falmouth 

54 

57 

64 
58 
60 

19 
19 
21 
16 
17 

62 

71 
65 
69 
68 

8 
7 
21 
6 
6 

70 
79 
78 
75 
76 

74 
72 
75 

22 
21 
28 
24 
24 

27 

28 
24 

K3 
87 
85 
82 
85 
•87 
82 
77 
86 

28 
26 
38 
24 
29 
138 
32 
34 
27 

89 
94 
90 
89 
90 
«94 
88 

45 

31 
41 
38 
37 
442 
39 

Frankfort 

Franklin 

Lexington..... 

LouisYllle 

McHenrv. .............. 

MadisonTille  ........... 

59 
60 
56 

20 
23 

17 

66 
68 
68 

11 
9 

8 

Milleraburffh  ........... 

Mount  8 terllnsp. ......  •. 

88 

41 

Murray ............. 

Newport  Barracks 

Owensborongh  ......... 

58 
60 
55 
65 
58 
56 
64 

18 
20 
18 
17 
18 
20 
20 

68 
68 
65 
74 
65 
72 
71 

6 
8 
3 
6 
5 
6 
8 

76 

d77 

78 
84 
73 

78 
77 

22 
«>26 
23 
22 
25 
22 
22 

84 
«82 
89 
87 
%4 
85 
84 

25 
030 
24 
98 
25 
25 
80 

93 
*92 
89 
93 
93 
93 
89 

35 

^43^ 

Owenton 

37 ; 

Pellville 

:i3 

35 
S8 
37 

Biohmoud 

Shelbyville 

South  Fork 

Snrinirfield 

Louisiana : 

Abbeville 

72 

32 

• 

76 
76 
76 
81 
73 

:i3 
30 
26 
24 
31 

78 
82 
79 
83 

77 

42 
34 
34 

"42* 

83 
88 
85 
86 
85 

65 
45 
45 
45 

88 
91 
91 

56 
4S 
43 

Alexandria 

Aniit^City 

Arcadia 

74 
76 
70 
71 
72 
72 
73 

26 
24 
31 
25 
30 
21 
29 

Baton  Bonce 

88 
89 
101 
96 
94 
91 
91 
90 
94 
89 
91 
89 
89 
94 
90 
90 

"92" 
92 
94 
91 
93 

■'42 
51 
40 
46 
45 
45 
47 
49 
42 
43 
47 
50 
4St 
48 
42 
54 
47 
46 
43 
40 
42 

Cheuevville  ............ 

Cameron. 

84 
74 
74 

23 
26 
29 

85 
79 
81 

41 
31 
35 

94 
87 
89 

52 
43 
44 

Clinton 

Convent..... 

Coushatta 

Crowley 

70 

27 

70 
74 
74 
80 
79 
82 
73 
77 
75 
79 

34 
29 
34 
26 
34 
28 
34 
27 
35 
32 

77 
78 
79 
80 
76 
82 
76 
80 
79 
80 

39 
36 
41 
31 
39 
35 
42 
33 
87 
34 

86 
84 
90 
84 
82 
85 
84 
88 
i85 
8*j 
84 
89 
86 
90 
92 
88 

51 
47 
47 
48 
51 
50 
51 
43 
50 
48 
55 
50 
52 
41 
49 
42 

Donal48onville  ......... 

Emilie  (Mount  Airy) 

Farmerville 

72 

68 
74 
68 
70 
73 
71 

33 
26 
31 
21 
33 
27 
33 

.   Franklinton 

Grand  Cane 

Grand  Coteau 

Hammond 

Houma. 

Jackson  Barracks ....... 

Jeanerette 

Jenniuffs ............... 

La Favette  ......  ...... 

Lake  Charles 

70 
76 
72 

33 
22 
23 

73 

82 
84 

34 
17 
22 

81 
86 

84 

42 

44 

28 

Lake  Providence 

Liberty  Hill 1. 
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Annual  Bangs  of  Tempsbaturss  fob  1889^  stc,— Continued. 


June. 

Jaly. 

August. 

September. 

October. 

Noyember. 

December. 

• 

■ 
a 

3 

i 

• 
0 

3 

1 

3 

1 

• 

3 

i 

• 

9 

• 

0 

i 

1 

.9 
0 

o 

86 
92 
105 
94 
94 
94 
89 

■"86' 
93 

o 

52 
53 
40 
51 
55 
44 
49 

47 
48 
43 

o 

94 

95 
105 

96 
101 
102 

96 

"90* 
94 
89 
89 
92 
96 
90 
90 
92 
97 
93 

0 

61 
56 
47 
57 
65 
48 
54 

58 
64 
60 

5ti 
66 

est 
55 

65 
61 
59 
62 
63 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

98 
102 
96 
97 
99 
93 

"85' 
93 
89 
87 
89 
96 
89 
89 
91 

57 

40 
59 
65 
54 
58 

53 
64 
57 
58 
54 
59 
52 
64 
57 
54 

98 
99 
80 
95 
98 
93 

87 
38 
40 
38 
86 
34 

36 

93 

90 
91 
88 
88 
86 

31 
30 
34 
29 
30 
27 

88 

67 
64 
72 
60 
68 
65 

70 

14 
22 
15 
12 
15 
12 

16 

74 
65 
73 
70 
70 
74 

67 

6 
12 
10 

8 
16 

6 

13 

103 

"98 
106 
106 
102 

•  •  «  • 

93 

89 
88 
86 
93 
92 
88 
90 

40 
38 
38 
40 
38 
47 
40 
42 

85 
82 
84 
74 
84 
89 
74 
81 

30 
28 
27 
27 
27 
27 
29 
31 

76 
74 
76 
70 
78 
7d 
73 
76 

19 
21 

15 
16 
22 
15 
17 

73 
72 

74 
66 
71 
75 
68 
71 

25 
23 
23 
15 
16 
29 
22 
24 

85 

88 
93 
87 
88 
93 
•«99 
92 
85 
87 

47 
43 
56 
43 
44 
««52 
51 
40 
46 

84 
89 
71 

84 
87 

86 

89 

101 

98 

43 
40 
36 
36 

76 
76 
86 
80 

30 
28 
27 
25 

72 
71 
65 
71 

19 
17 
18 
14 

67 
67 
72 
70 

22 

17 
17 
17 

90 

62 

89 

100 

96 

53 
54 
51 

82 

91 

43 

93 

58 

92 

90 
94 
97 
92 
86 

42 
38 
42 
41 

48 

94 
95 
98 
94 
90 
^92 

90 
97 
94 

59 
50 
59 
55 
63 
«>55 

75 
65 
62 

•90 
94 
89 
95 
88 

•90 

88 
95 
92 

•.^^3 
43 
54 
50 
59 

•52 

72 
62 
63 

•88 
97 
85 
92 
87 

»»92 

•39 
37 
44 
36 
40 

^27 

77 

24 

72 

i85 

'>65 

75 

74 

10 
il7 
20 
16 
25 

•65 
89 
68 
68 
76 
71 

•22 
17 
20 
19 
23 
32 

91 

79 

82 
79 
84 

83 
93 
90 

26 
29 
30 
23 

46 
37 
85 

93 
89 

82 

88 
94 
92 

60 
45 
60 

83 
84 
84 

34 
30 
24 

96 
93 

48 
46 

82 

25 

70 

90 
92 
101 
98 
95 
96 
92 

95 
93 
94 
92 
90 

95 
96 
101 
94 
93 
96 
90 
91 
93 
94 
93 

84 
86 
88 
83 

32 
24 
28 
24 

42 
53 
57 
50 
50 
51 
52 
56 
47 
45 
56 
50 

96 
102 
99 
95 
98 
93 

.68 
68 
55 

53 
68 
71 

60 
64 
54 
54 
60 
66 
64 
66 
61 
62 

96 

104 

98 

44 

49 

50 

92 

100 

86 

91 

68 
85 
87 
86 
89 

32 
38 
39 
39 
35 
36 
39 
41 
35 

84 
«77 

34 

rjo 

81 

78 

92 
92 
92 
93 
93 
95 
»'91 
92 
94 
92 
94 
93 

50 
52 
52 
53 
49 
51 
»»50 
52 
48 
52 
58 
58 

83 
78 
84 
•84 
79 

24 
30 
27 
•34 
26 

79 
81 
79 
78 
•79 

30 
33 
30 
29 
•32 

«  »  •  • 

66 

96 
94 
96 
95 
93 
97 
94 
92 
90 
96 
97 
100 

69 
66 
66 
70 
72 
68 
70 
71 
69 
70 
70 
68 

67 
68 

90 
86 

87 
87 

34 

40 
38 

41 

82 
83 
84 
82 
85 
89 

28 
30 
26 
30 
33 
31 

77 
79 
79 
80 
77 
87 

35 
34 
28 
31 
32 
31 

92 

94 
90 
93 
91 

65 
64 
67 
70 
66 

63 

93 
93 
87 
97 
95 
100 
98 
96 

51 
63 
56 
53 
33 
55 
50 
47 

64 

88 

37 

•  •  «  • 

92 

97 

97 

100 

66 
58 
62 
59 

"93" 
96 

50 
48 

87 
88 

38 
44 

85 
82 

30 
25 

79 
80 

32 
30 

"75 

"98 

"es" 

96 

47 

"95" 

82 

82 

25 

82 

30 

78 
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Tamlm  ov  Maximum  ahd  Kwimum  Tempuaturbs  axd 


January. 

February. 

March. 

April. 

May. 

Stotions. 

• 

8 

o 

73 
70 
70 
76 

• 

a 

o 

29 
29 

29. 
32 

• 

s 

o 

75 
73 
72 

• 

a 

0 

30 
29 
82 

■ 

8 

0 
79 

78 
80 
79 
80 
88 
80 

• 
c 

i 

• 

8 

3 

• 

a 

i 

* 

M 

(3 

3 

LooiBUna — Continued. 

0 

86 
33 
38 
87 
86 
81 
33 

9 

§6 
89 
90 
86 
89 

0 

41 
41 
48 
40 
46 

0 

91 
92 
90 
90 
92 
90 
90 
90 
92 
90 
93 

0 

45 
44 

62 
46 
45 
46 

1 

Mandevill6.  .•••••  ..•••. 

MarkBYille 

Maarepas .... 

Melville 

73 

86 
80 

30 
22 
26 

Miiiden 

74 

68 

22 
27 

Monroe 

86 

47 

44 ; 

Natchitoches 

"  "    1 

40  ' 

New  Iberia. 

78 
76 
73 

32 
34 
24 

74 
76 
76 

34 
32 
26 

82 
79 
82 

41 
44 

84 

88 
88 
90 

53 
64 
40 

61 
64 

45 
62 
59 

New  Orleans 

Plaquemine  ............ 

Pointe  4  la  Hacbe 

Port  Eads 

71 
78 
65 
69 
71 
70 
76 

31 
24 
80 
26 
34 
28 
26 

80 
79 
70 
81 
76 

49 
21 
40 
27 
31 

74 
88 
74 
83 
80 

43 
29 

48 
39 
40 

81 

58 

84 

Rayyille 

Shell  Beach 

82 
87 
86 
90 
98 

61 
62 
62 

48 
41 

88 
88 
91 
90 
94 

59 
SO 
48 

'46' 

Shreveport 

Sagar  Ezp't  Station  .... 
Trinity 

Vidalia 

76 

24 

86 

32 

Winnfield 

Maine: 

Bar  Harbor 

51 
49 
50 
51 
48 
52 
53 

2 

4 

—  4 
2 

—  2 
—13 

8 

48 
40 
44 

43 
45 
42 
45 

—  9 

—  9 
-18 
—14 
—12 
—37 
-16 

65 
65 

57 
57 
54 
56 
60 
60 
55 
56 
54 
57 
50 
60 

13 

20 

11 

14 

15 

—  2 

8 

6 

10 

4 

1 

4 

18 

16 

66 
66 
68 
75 
63 
72 
74 
76 
72 
69 
69 
70 
62 
66 
60 

80 
78 
80 

28 
32 
24 
27 
26 
21 
18 
of 
23 
26 
19 
23 
30 
26 
28 

34 
34 

28 

81 
81 
89 
91 
70 
91 
93 
90 
87 
89 
89 
89 
72 
92 
68 

93 
89 
90 

38 
44 
86 
40 
37 
32 
35 

Belfast 

Calais 

Cornish 

Eastport 

Pairtteld 

Gardiner 

Kennebec  Arsenal  ...... 

Kent's  Hill 

51 

48 

0 
-  3 

38 

41 

—17 
—23 

Lewiston 

34 

Mayfield 

M 

Orono..... 

52 

43 
52 

—  2 
2 
6 

45 
40 
42 

-20 

—  5 

—  8 

87 
40 
37 
40 

43 

34 

Petit  Menan 

Portland 

West  Jonosport 

Maryland : 

Baltimore 

60 
62 

58 

20 
22 
10 

48 
54 
54 

3 

0 

68 
68 
68 

28 
25 
24 

Barren  Creek  Springs  . . 

Cnmberland  (1) 

Cumberland  (2) 

Fallston 

59 
58 
66 
52 
57 

20 
23 
17 
18 
25 

45 
47 
50 

'"io* 

1 
3 
4 
5 
6 

65 
63 
69 

26 
29 
28 
25 
82 

90 
90 
91 
88 

40 
44 
38 
37 

50 

Fort  McHenry..... 

78 
84 

34 
86 
31 
41 

Frederick  ..  ...•••...... 

Gaithembnrgh 

Galena 

Gambrill's 

Jewell 

59 
62 
68 
64 

61 

58 

«  25 

18 
16 
12 

4 

0 

"'43* 
44 

6 

1 
—  1 

65 
63 
64 
67 

66 
64 
61 
57 
64 
65 

31 
26 
27 
22 

17 
14 
23 
17 
18 
16 

'77* 

80 
78 

80 

78 
78 

42 
83 
83 
29 

26 
25 

30 

B  •  •  •  • 

87 
92 
88 

88 
90 
88 

50 
42 
83 
36 

SO 
30 
88 

MoDonogh 

Monnt  St.  Mary's 

Woodstock  College 

Massachnsetts : 

Amherst  (1) 

45 
42 

—  5 

—  9 

Amherst  (2) 

Amherst  (3) 

Beverly  Farm 

51 
59 
67 

0 
5 

7 

Blue  Hill  (base) 

Blue  Hill  (valley) 

47 
47 

—  4 

—  4 

78 
80 

28 
24 

90 
92 

35 
84 
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AifNUAL  Rangk  ov  Txmfkratubes  for  1889,  BTO.— Continued. 


Jane. 

July. 

Angnst. 

September. 

October. 

November. 

December. 

• 

9 

• 

d 

a 

• 

a 

s 

• 
a 

• 

H 

• 

a 

M 

• 
a 

• 

M 

• 

• 

M 

• 
a 

c 

9$ 

^ 

S 

a 

^ 

is 

^ 

S 

^ 

^5 

S 

X 

s 

^ 

S 

3 

o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

•91 
94 

•45 

48 

92 
97 

63 
66 

94 
96 

47 
49 

87 

88 

.17 

41 

84 
83 

25 

30 

d82 

77 

d24 
29 

98 

68 

69 

93 

47 

96 

54 

95 

5:{ 

d94 

MO 

90 

40 

87 

28 

80 

30 

68 

93 

49 

97 

69 

92 

65 

93 

50 

86 

39 

83 

28 

80 

2H 

■  •  ■  • 

94 

52 

96 

68 

93 

55 

95 

54 

87 

40 

86 

29 

82 

27 

•  •  ■  • 

92 

52 

99 

69 

94 

63 

91 

54 

89 

36 

79 

28 

'75 

'35 

•  •  •  • 

94 

4G 

96 

68 

94 

62 

92 

48 

84 

36 

74 

28 

74 

30 

71 

96 
90 
92 

52 
56 

58 

98 
95 
95 

66 
71 
71 

98 

58 

96 

»95 

94 

54 
"53 

58 

88 
95 
90 

38 
39 
50 

78 
89 
82 

24 
32 
38 

90 

34 

39 

92 

70 

6:) 

.95 

48 

96 

64 

96 

62 

97 

54 

89 

31 

^y 

25 

81 

23 

74 

68 

72 

71 

65 

52 

39 

39 

•  •  •  • 

89 

61 

92 

71 

89 

71 

90 

62 

88 

53 

84 

40 

77 

40 

61 

i>92 
90 

165 
62 

■ 

93 

74 

88 

67 

89 

61 

«> 

54 

79 

40 

76 

42 

m 

93 

55 

96 

70 

95 

65 

92 

55 

86 

39 

77 

29 

78 

34 

71 

96 
9] 

57 
55 

95 
95 

68 
71 

90 
91 

66 
65 

94 
90 

51 
55 

90 
89 

42 
39 

82 

88 

30 
26 

80 

30 

•  «  •  « 

98 

52 

100 

66 

100 

64 

100 

48 

96 

37 

88 

28 

82 

31 

76 

•80 

87 

•66 
45 

92 
82 

74 
52 

90 
80 

64 
45 

89 
84 

57 
37 

86 
64 

39 
30 

60 

18 

51 

2 

96 

82 

54 

78 

58 

80 

55 

77 

45 

61 

30 

59 

23 

50 

2 

91 

88 
87 

41 
47 

84 
88 

48 
54 

84 
84 

42 

50 

84 
88 

28 
36 

65 
66 

21 
17 

56 

12 

53 

—  1 

105 

81 

44 

76 

50 

76 

50 

83 

37 

58 

29 

57 

19 

49 

1 

95 

86 

38 

86 

44 

8:^ 

42 

83 

30 

65 

14 

58 

12 

46 

—  9 

128 

82 
84 

50 
48 

84 
81 

48 
40 

82 

82 

37 
37 

65 
62 

20 
19 

62 
59 

18 
15 

56 
49 

1 
—  1 

88 

•  •  »  • 

<84 

«49 

81 

51 

82 

47 

81 

35 

66 

23 

59 

16 

M2 

—  5 

94 

92 

46 

82 

52 

84 

48 

84 

34 

66 

18 

58 

17 

47 

--  2 

115 

83 

86 

41 
42 

83 

83 

44 

48 

80 
83 

44 

43 

83 
84 

28 
32 

58 
64 

13 
17 

55 
59 

10 
19 

50 

—  2 

109 

79 
80 

50 
52 

76 
81 

51 

47 

71 
76 

40 
40 

61 
68 

39 
26 

55 

60 

21 
20 

46 
60 

6 
4 

84 

46 

100 

78 
91 

44 

52 

80 
93 

52 
61 

80 
90 

42 
58 

78 
84 

36 
46 

56 
70 

20 
28 

48' 
73 

2 
23 

82 

34 

90 

89 

49 

H9 

57 

89 

57 

87 

40 

85 

35 

Ti 

23 

73 

15 

78 

84 

45 

88 

54 

86 

50 

84 

40 

78 

24 

66 

26 

66 

18 

90 

84 

49 

80 
80 
75 

28 
31 
32 

76 
64 
70 

20 
26 
25 

75 
88 
69 

22 
21 
21 

89 

88 

56 
60 

80 
82 

43 
44 

'""96' 

50 

87 

5;) 

87 

89 

50 

92 

58 

88 

55 

84 

42 

79 

31 

70 

27 

72 

22 

88 

53 

62 

60 

48 

:» 

24 

20 

«  •  •  • 

58 

68 

63 

52 

36 

29 

24 

•  •  V  • 

92 

64 
68 

58 
65 

49 
49 

32 
37 

•  •  ••  » 

32 

30 

28 
27 

58 

•  ■  •  • 

87 

52 

89 

59 

84 

56 

81 

44 

76 

31 

66 

25 

67 

19 

88 

85 

38 

76 
76 

69 

24 

30 

23 

65 
67 

62 

18 
25 

15 

67 
68 

62 

U 
19 

3 

90 
87 

45 
39 

93 

86 

55 
43 

83 

52 
42 

82 

32 

93 

88 

38 

86 

46 

84 

40 

82 

34 

70 

21 

62 

14 

64 

4 

99 

90 

46 

84 

54 

82 

79 
80 

45 
49 
46 

79 
74 
80 

40 
.19 
39 

70 

21 

67 

16 

64 

4 

•  *  •  • 

'"'83* 

45 

83 

49 

72 

26 

65 

18 

64 

10 

94 

87 

41 

»6 

48 

83 

44 

84 

34 

74 

25 

66 

14 

65 

11 

96 

478 
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Table  of  Maximum  and  Minimum  Tbmpkbaturss  asd 


January. 

Febroary. 

March. 

April. 

May. 

J 

Stations. 

• 

o 

56 
60 
55 
56 
57 
58 
50 
56 
55 
56 
55 
55 
55 
55 
57 
58 
56 
58 
52 
56 
58 
56 
54 
52 
56 
56 

• 

0 

s 

• 

• 

a 

... 

i 

• 

a 

i 

• 

• 

a 

0 

28 
32 

8 

0 

89 
91 
'    80 
1    88 
89 
92 
78 
90 
90 
92 
83 

• 

c 

i 

0 
37 

41 
40 
40 
39 
37 
36 
40 
31 
33 
40 

Maaflachasetts^-Continaed . 

Blue  Uill  (snmmit) 

Boston ................. 

o 

4 
9 

12 
7 
6 
6 

13 

—  1 

—  2 
2 

10 
7 
2 
3 
9 
5 
4 
4 

—  2 
8 
2 
7 
1 
8 
6 
4 

O 

45 
50 
48 
47 
45 
47 
43 
45 
46 
46 
45 

0 

—  6 

—  1 
5 

—  1 

—  4 

—  4 

—  2 
—14 
—13 

—  9 

—  2 

0 

61 
64 

0 

16 
22 

0 

76 
81 

BrewsteT  ...... ...... ..  - 

Cambridffc  Tl). ......... 

61 
60 
64 
56 
63 
62 
66 
58 
62 
59 
64 
64 
62 
59 
62 
64 
69 
66 
64 
58 
56 
61 
64 
67 
63 
60 
63 
63 
64 
65 

20 
22 

19 
20 
16 
14 
15 
18 
20 
20 
17 
11 
18' 

7 
16 
10 
20 
14 
15 
15 
21 
16 
16 

7 

13 
19 
20 
17 
23 
11 

77 

77 
80 
64 
79 
81 
80 
74 
74 
75 
81 
74 
79 
78 
.80 
80 
82 
83 
78 
76 
68 
70 
80 
84 
77 
70 
74 
73 
76 
79 

28 

28 

28 

26 

24 

31 

27 

33 

25 

31 

24 

31 

26' 

25 

26 

24 

30 

20 

27 

27 

28 

27 

25 

17 

20 

29 

25 

23 

28 

23 

Cambridire  (2) 

ChestnntHill 

Cotuit  ................. 

Deerfield(l) 

Deerfield(2) 

Dndlpv  ................ 

Fall  River  (1) 

Fall  River  ^2) 

Fitchbnrg(l) 

Fitchbarir  (2) 

48 
49 
52 
48 
39 
50 
54 
49 
50 
47 
40 
43 
49 
46 

—  9 
—10 

—  1 

—  5 

—  7 
-10 
—20 

—  4 

—  8 

—  7 

—  9 
0 

—  7 

—  6 

90 
93 
89 
93 
88 
91 
89 
94 
97 
96 
89 
80 
90 
95 
94 
85 
88 
88 
86 
88 
92 

40 
34 
41 
36 
32 

:e 

32 

36 

39 

Fort  Warren  •.... 

Framimrham  ........... 

Gilbertville 

GrotoQ  ................. 

Heath 

Holyoke  ..-..- ......... 

Lake  Cochitnate 

Lawreuc6 .............. 

Leicester ............... 

32 

Long  Plain...... ...... . 

40 
36 

Lowell  (I) 

LowelH2) 

34  • 

Lowell  (3) 

31 
40 
32 

:t2 

Ludlow 

56 
55 
54 

55 

58 

2 

7 
6 
8 
8 

42 
44 

45 
47 

48 

—  8 

—  1 

—  7 
4 

—  1 

Lvnn 

Mansfield 

Middleborough  ■ 

Milton 

1 
32 

:v> ; 

Monson  ......•.••••.... 

29 

N ahant  ...... .. .... 

Nantncket  ............. 

54 
52 
52 

16 
8 
6 

48 
42 
44 
46 
48 
41 
53 
52 
40 
44 
41 
48 
42 
50 

"42' 

4 

—  4 

—  6 

—  3 

—  4 

—  9 

—  6 
0 

—12 

3 

—22 

—  6 

—  1 

—  6 

—  6 

—  2 

52 
57 
61 
57 
64 
64 
64 
65 
60 
59 
54 
58 

26 
19 
13 
22 
21 
20 
15 
27 
15 
21 
10 
24 

62 

66 
67 
66 
76 
79 
82 
76 
76 

32 

30 
27 
SO 
30 
29 
26 
35 
25 

69 
74 
76 
78 
92 
90 
95 
88 
90 

40 

44 

38  i 
38  , 

New  Bedford  (1) 

New  Bedford  (2) 

New  Bedford  (3) 

NewbnrvDort .... ....... 

58 
55 
59 
56 
54 
54 
52 
58 
52 
58 

7 
6 
1 

14 
0 

17 
—  3 

10 
8 
6 
7 
6 

38  , 

Northamoton ..... ...... 

v^     1 

36 

North  Billerica 

35 

Plymoath  ...•••........ 

46 
30 

Princeton  .............. 

Provinoetown  ......... 

Rowe  .................. 

76 
80 
76 

78 

24 

36 

33i 

28 

16 

30 

Rovalston 

86 
90 
86 

"91' 

40 
41 
39 
32 
37 

Salem 

Somerset 

60 

20 

Sonth  Hinsrham  .. ...... 

Springfield  Armory 

Swamnscott 

58 

62 

20 

78 

Taunton  (1) 

58 
58 
58 
58 
56 
58 
J  53 

8 
7 
6 

13 
4 
6 

i4 

47 

48 
47 

53 
45 

58 
41 

—  2 

—  4 

—  4 

—  2 

—  6 

—  5 
—14 

66 
65 
65 
58 
60 
63 
57 

20 
19 
14 
22 
16 
18 
13 

80 
76 
77 
71 
73 
83 
75 

30 
26 
22 
32 
26 
24 
26 

87 
85 
86 
81 
90 
98 

37 
35 
32 
42 

:» 

:)6 

Tannton  (2> ; 

Taunton  (3) 

Vi neyard  Haven 

Wei  leslev 

Wentborouifh 

WilliftniHtown 

85       31  1 
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Annual  Range  of  Temperatures  for  lb89,  ETC.-~Coi]tiniiecL 


Jane. 

July. 

Aagnst. 

September. 

October. 

November. 

December. 

w 

• 

MM 

• 

9 

• 
d 

• 

s 

* 

a 

8 

• 
0 

• 

3 

• 

.a 

• 

• 

a 

8 

• 

a 

• 

bo 

a 

s 

S 

a 

^ 

^ 

^ 

s 

0 

0 

s 

» 

c 

1^ 
0 

S 

o 

CJ 

0 

0 

0 

b 

0 

0 

0 

0 

0 

84 

45 

83 

50 

80 

50 

80 

38 

71 

28 

63 

16 

62 

8 

95 

87 

50 

86 

55 

84 

52 

83 

43 

74 

32 

66 

21 

65 

10 

92 

87 

50 

88 

51 

83 

52 

82 

43 

68 

36 

64 

20 

58 

21 

*  «  •  • 

86 

45 

88 

52 

85 

47 

84 

42 

70 

27 

66 

20 

61 

9 

89 

84 

46 

84 

53 

82 

47 

82 

41 

72 

27 

65 

20 

61 

9 

93 

88 

45 

89 

50 

86 

46 

as 

38 

75 

27 

66 

17 

64 

8 

96 

84 

48 

82 

54 

82 

56 

79 

4i 

68 

32 

60 

20 

56 

22 

86 

"96" 

"*52' 

"89* 

"57' 

""87* 

'"51" 

'w' 

"37" 

"70' 

'"is" 

62 

"ii" 

"62" 

..... 

'163 

91 

43 

H6 

49 

87 

47 

84 

41 

73 

28 

60 

14 

66 

7 

101 

85 

47 

84 

55 

80 

50 

80 

42 

70 

Si 

60 

21 

60 

14 

87 

86 
86 

52 
53 

81 
84 

52 
50 

82 
82 

41 
40 

71 
70 

30 
27 

64 
61 

19 
16 

61 
60 

11 
6 

""ss' 

""56' 

'"99 

86 

39 

84 

50 

84 

42 

82 

35 

71 

25 

64 

16 

62 

5 

103 

86 

50 

85 

52 

79 

50 

81 

43 

70 

32 

64 

20 

60 

12 

90 

90 

45 

88 

50 

84 

45 

83 

37 

72 

26 

65 

17 

64 

6 

98 

89 

41 

86 

45 

82 

44 

83 

32 

67 

16 

62 

11 

58 

—  1 

96 

88 

41 

86 

52 

83 

43 

84 

37 

71 

23 

65 

15 

61 

3 

101 

92 

44 

92 

50 

92 

48 

86 

32 

70 

20 

64 

12 

56 

—  4 

112 

94 

46 

90 

52 

88 

44 

88 

40 

74 

27 

62 

16 

68 

6 

98 

94 

40 

89 

44 

87 

41 

86 

32 

75 

1^ 

65 

8 

67 

1 

105 

91 

44 

93 

52 

88 

46 

86 

40 

70 

27 

65 

16 

61 

6 

103 

89 

43 

88 

49 

80 

48 

78 

36 

67 

26 

60 

15 

58 

3 

98 

86 

61 

84 

58 

80 

56 

80 

42 

70 

30 

64 

17 

62 

16 

86 

88 

44 

86 

53 

82 

45 

82 

40 

69 

26 

64 

19 

60 

6 

97 

90 

42 

88 

51 

86 

44 

84 

37 

73 

24 

66 

16 

64 

4 

101 

90 

45 

88 

54 

87 

47 

85 

40 

70 

29 

66 

19 

64 

7 

• . .  • 

90 

34 

86 

42 

85 

41 

82 

30 

69 

20 

68 

13 

67 

2 

98 

81 

48 

80 

52 

80 

49 

79 

41 

66 

29 

62 

20 

60 

10 

89 

89 

46 

85 

49 

82 

46 

•  81 

35 

69 

26 

55 

15 

62 

9 

96 

87 

43 

86 

46 

81 

44 

81 

35 

71 

24 

67 

13 

63 

11 

91 

88 

48 

86 

52 

84 

50 

81 

40 

68 

27 

63 

20 

61 

12 

89 

89 

41 

87 

43 

82 

41 

83 

35 

70 

16 

63 

11 

63 

-  3 

a  •■  • 

82 
79 

53 
57 

79 
80 

53 
59 

79 
76 

42 

50 

^66 
68 

■34 
41 

60 
60 

23 

28 

58 
54 

12 
24 

' "  "76* 

52' 

"76 

82 

47 

83 

53 

80 

53 

78 

41 

67 

30 

62 

18 

56 

13 

87 

82 

52 

83 

52 

81 

51 

78 

41 

68 

32 

63 

19 

58 

13 

88 

84 
86 

48 
46 

86 
86 

^2 
52 

79 
84 

39 
40 

58 
63 

14 
8 

83 

'49" 

"73" 

"36" 

"66" 

"19* 

•  •  w  • 

96 

92 

45 

90 

51 

89 

50 

89 

40 

68 

24 

6! 

18 

60 

6 

101 

94 

41 

91 

50 

85 

46 

84 

38 

72 

25 

66 

18 

64 

7 

101 

88 

54 

84 

58 

83 

60 

82 

44 

71 

37 

64 

21 

62 

21 

8B 

87 

40 

8:) 

46 

83 

44 

80 

33 

67 

25 

60 

11 

59 

0 

t02 

85 

51 

84 

54 

82 

52 

81 

41 

67 

.34 

61 

28 

V  •  #  w 

"92* 

"52' 

"88" 

"'58* 

•  *  •  «  * 

84 

'58' 

'""se" 

""56" 

""76" 

"36" 

"eo" 

"24" 

"eo" 

"lo" 

"os 

86 

51 

84 

57 

83 

53 

84 

45 

71 

33 

60 

18 

62 

10 

ft  *  •  * 

96 

50 

94 

42 

90 

52 

87 

36 

74 

28 

66 

18 

62 

14 

102 

89 

38 

48 

"88" 

47 

53 

83 

41 
48 

12 

20 

""ei* 

8 
4 

'82' 

"46* 

'"76' 

"25' 

62 

•  •  •  • 

93 

82 

89 

53 
51 

80 

87 

53 
51 

77 
86 

37 
39 

68 
74 

31 
27 

"'91' 

""45' 

"65" 

"19 

"67" 

'12" 

"93 

92 

45 

87 

48 

84 

48 

83 

38 

70 

25 

65 

13 

65 

11 

96 

90 

41 

86 

46 

85 

44 

83 

.34 

71 

25 

66 

14 

65 

10 

94 

88 

50 

85 

56 

84 

58 

82 

38 

69 

.37 

67 

24 

&l 

21 

90 

91 

48 

89 

49 

84 

42 

82 

36 

71 

25 

65 

14 

64 

7 

97 

94 

45 

94 

49 

90 

48 

88 

37 

71 

24 

66 

17 

61 

7 

103 

84 

40 

82 

49 

79 

46 

79 

37 

67 

18 

64 

17 

60 

3 

99 

480 
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Tablk  or  Maximum  and  Minimum  Tsmfkraturks  avd 


January. 

February. 

March. 

ApriL 

May. 

Stations. 

H 

• 

i 

• 

• 
a 

s 

is 

• 

e 
»*« 

o 

25 
19 
18 

16 
18 
12 
12 

• 

■a 

... 

a 

8 

Masssohasetto— Continaed. 
Wood's  HoU ............ 

o 

56 
57 
61 

53 
51 
50 
46 

o 

14 
5 
6 

—  5 
6 
0 

4 

o 

46 
44 
45 

40 
44 

48 
36 

o 

2 

—  7 

—  4 

—12 

—  5 
—24 
—14 

o 

52 
62 
62 

68 
60 
66 
56 

o 

60 
83 

79 

78 

o 

34 
30 
31 

21 

o 

72 
91 
91 

90 

185 

90 

91 

87 

86 

80 

78 

(^ 

83 

90 

i    95 

=    86 

I    ^^ 

o 
40 

Worcester  (1) 

37 

Worcester  (2^ 

37 

Michiean : 

Adrian 1..- 

25 

Albion - 

^ 

Alma 

75 
68 

20 
21 

21 

Alpena. 

26 

Ann  Arbor - 

33 

Atlantic. 

38 
45 
40 
50 
45 
55 

-2 
2 
6 
12 
8 
1 

50 
42 
40 
41 
36 
43 
45 
45 
45 
46 
44 
46 
45 
37 
46 
49 
42 
48 
50 
38 
49 
43 
39 
46 
41 

—24 

—10 
-10 

—  8 
—12 
-22 
—16 
—27 
—18 

—  8 

—  9 
—23 

—  8 
—10 
-32 

—  9 

—  6 

—  6 

—  7 
-26 
-8 
—18 
—17 
-15 

54 

50 
56 
67 
61 
68 
68 
63 
63 
60 
63 
54 
66 
60 
62 
65 
60 
48 
64 
58 
65 
69 
57 
69 
52 

2 

5 
18 
24 
11 
10 
18 
10 
13 
15 
19 

7 
20 
U 
10 
13 
15 
15 
10 
16 
17 
15 
U 

9 
15 

70 
69 
69 
72 
73 

12 
19 
22 

21 

3i) 

Bear  Lake 

Bell  Branch 

28 
30 

Benton  Harbor  ......... 

^^ 

Benzonia 

30 

Berlin 

30 

Berrien  Snrinflrs  . . ...... 

80 
72 
78 
68 
72 
63 
75 
70 

25 

19 

21 

22 

21 

14 

20. 

22 

32 

Biir  Ranias 

50 
50 
52 
53 
40 
52 

8 

—  7 
8 
8 

—  1 
6 

27 

Birniiu£rbani  ........... 

31 

Bronson 

Bucbanan 

!""85" 
1    80 
89 
86 
84 
88 

32 

Calninet  .....a......... 

29 

CassoDolis...... ........ 

34 

Charlevoix 

30 

Chase 

48 
50 
49 
50 
49 
46 
49 
50 
46 
50 
42 

—  2 
7 

8 

12 

8 

—  4 
7 
7 
4 
5 
0 

24 

Chelsea 

74 
68 

20 
20 

34 

Colon 

Colambia 

Concord 

78 
78 
76 
76 
67 
76 
66 
77 
76 
65 
63 
76 

20 
20 
22 
21 
11 
17 
21 
16 
20 
12 
11 
20 

89 
84 
88 

89 

Deer  Lake 

30 

Detroit 

34 

East  Saginaw 

EastTawas 

84 
91 
76 
87 
90 
»85 
76 
89 
80 

'  30 

Eden..... 

30 

Escanaba 

30 

Evart 

22 

Flint 

49 
44 
40 

—  4 

-13 
3 

—  2 
7 

44 
34 
34 
45 
37 

—22 
-23 
—18 
—  7 
-12 

69 
55 
50 
65 
55 
56 
71 
69 
67 

11 

5 

8 

13 

20 

2 

9 

17 

15 

26 

Fort  Brady 

28 

Fort  Mackinac 

29 

Fort  Wayne 

31 

Fremont 

48 

34 

Gavlord .-. 

Gladwin 

45 
53 

48 

—11 

11 

9 

46 
41 
47 

—32 

—10 
-13 

82 
73 
73 
74 
63 
75 
71 
74 
73 
76 
75 

15 
22 
20 
12 
14 
18 
19 
20 
20 
20 
17 

93 
81 
89 
90 
93 
88 
87 
87 
87 
9S 
92 
90 
90 
90 
88 

21 

Grand  Haven 

32 

Grand  Rapids 

33 

Grayling. 

25 

Gnlliver  Lake 

41 
51 
45 
51 
53 
48 
47 

—  7 
6 
5 
5 
9 
4 

—  2 

36 
50 
39 
47 
45 
46 
48 
44 
48 
40 

—20 
—  8 
-23 
-20 
—12 
—15 
-17 
—10 
—10 
—16 

53 
62 
56 
68 
64 
70 
66 
62 
67 
64 

5 
10 

9 
10 
16 
20 

9 
13 

7 
15 

23 

Hanover 

30 

Harrisville 

25 

Hart 

24 

Hastings 

29 

Highland  Station 

Hillman 

33 
93 

Hillsdale 

30 

Hudson - 

52 
50 

—  5 
2 

89 
72 

15 
20 

29 

Ionia 

29 

Tyan ....... ........ 

30 

Jeddo ...... ............ 

44 
52 

5 
5 

42 

46 

—14 
—11 

60 
65 

19 

18 

76 
74 

25 

20 

..«•  - 

Kalamazoo 

"ik 

31 
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Ankual  Banok  of  TsBfPSRATUBSS  FOB  1889,  BTC.— Oontinoed. 


June. 

July. 

Angnst. 

September. 

October. 

November. 

December. 

« 

8 

• 
.S 

s 

• 
a 

• 

• 

MM 

a 

• 

3 

• 
.S 

• 

s 

i 

• 

8 

. 
a 

1 

S4 

S 

S9 

3 

« 

S 

s 

S 

a 

^ 

7^ 

i:^ 

^ 

0 

o 

0 

0 

0 

0 

o' 

0 

0 

0 

0 

0 

0 

0 

0 

77 

50 

79 

56 

78 

56 

76 

48 

65 

35 

62 

25 

54 

21 

77 

88 

50 

85 

55 

b3 

52 

82 

40 

70 

27 

62 

17 

62 

5 

98 

85 

46 

87 

54 

82 

48 

81 

38 

70 

26 

64 

19 

62 

6 

95 

86 

39 

92 

47 

94 

44 

89 

28 

80 

18 

60 

13 

64 

11 

106 

84 

44 

90 

53 

89 

50 

86 

32 

T.i 

26 

57 

14 

60 

20 

«  *  •  * 

87 

36 

92 

40 

92 

40 

92 

25 

75 

15 

56 

5 

60 

8 

116 

84 

41 

91 

46 

89 

42 

84 

32 

62 

20 

58 

14 

52 

10 

105 

d3 

40 

91 

52 

88 

49 

85 

34 

74 

26 

58 

14 

62 

16 

*  •  «  ■» 

90 

38 

92 

50 

90 

48 

90 

31 

•  •  «  •  * 

58 

12 

56 

6 

. «  •  * 

86 

34 

90 

43 

89 

37 

88 

29 

58 

""i5 

58 

2 

52 

6 

100 

78 

40 

84 

50 

88 
91 

34 
34 

64 
76 

23 
27 

58 
62 

12 
21 

53 
65 

16 
22 

83 
92 
89 

"36" 
45 
45 

""87" 
98 
96 

"45" 
52 
56 

"94' 
93 

'"io" 

50 

"73' 
74 

"'22' 
27 

"■59' 
56 

18 

"63" 
63 

'"9" 
18 

'■"96' 

39 

•  •  .  • 

86 

35 

91 

45 

90 

38 

88 

26 

71 

16 

56 

0 

56 

11 

118 

86 

39 

94 

46 

92 

43 

91 

31 

72 

20 

61 

13 

63 

16 

112 

82 
83 

42 

40 

«  *  •  •  • 

58 
56 

14 
10 

62 
62 

16 
17 

"88" 

"54' 

■"89' 

■"is' 

89 

"38' 

■72' 

29 

""98 

84 

87 

87 

45 

85 

45 

82 

37 

62 

22 

55 

12 

39 

8 

88 

85 

43 

92 

42 

89 

49 

89 

34 

73 

28 

58 

18 

62 

21 

100 

83 

38 

92 

88 

45 

88 

35 

62 

21 

55 

17 

52 

10 

•  »  m  • 

87 

32 

90 

"iV 

91 

32 

88 

31 

72 

18 

57 

—  4 

55 

8 

•  •  «  • 

86 
80 

40 
42 

90 

48 

89 

45 

76 

21 

61 
58 

14 
14 

63 
62 

18 
18 

"93' 
92 

■"56" 
45 

""96' 
89 

"io" 

30 

""89* 

"39' 

'92* 

^  «  •  * 

50 

■■77" 

"23' 

■"58' 

"ii' 

"63* 

"ii* 

""99 

88 

34 

92 

60 

98 

34 

86 

30 

62 

16 

58 

10 

65 

14 

102 

86 

42 

91 

53 

90 

52 

85 

36 

•  ^  •  •  # 

76 

25 

64 

16 

65 

19 

99 

V  •  •  * 

83 
85 
94 

"29' 
40 
40 

..... 

"91 

32 

""ei' 

"ii" 

'"57' 

'"io' 

'"5i' 

62 
47 

"9' 

15 

6 

"91' 

85 

"52' 
44 

'96' 
86 

■42* 

38 

•  •  •  V 

'""82* 

"*30" 

"eo' 

"20' 

"55" 

'  "s" 

108 

94 

32 

95 

53 

87 

33 

86 

20 

73 

22 

54 

12 

54 

2 

m  m  m  m 

90 

38 

93 

45 

92 

42 

92 

27 

72 

17 

58 

8 

63 

12 

115 

'86 

36 

87 

43 

84 

39 

80 

31 

58 

20 

53 

10 

42 

—  1 

110 

75 

36 

82 

48 

77 

45 

75 

36 

61 

25 

51 

14 

62 

13 

lOlD 

86 

40 

94 

47 

92 

46 

89 

32 

77 

17 

61 

14 

65 

19 

101 

82 

43 

82 
89 

57 
38 

65 

22 

58 
58 
65 
55 

14 

6 

—  3 

18 

56 

44 

»»53 

55 

16 
2 

^3 
16 

•  *  •  • 

"93* 

■'33' 

•  •  •  • 

"'96" 

88 

"21* 

30 

'■75" 

64 

24 

•  «  «  a 

'"85* 

"40' 

'86' 

"so" 

'■91" 

"ih' 

101 

82 

35 

88 

50 

88 

42 

66 

31 

71 

25 

53 

11 

60 

16 

102 

90 

35 

95 

35 

90 

81 

89 

25 

64 

10 

60 

4 

50 

—  2 

«■»•« 

85 
90 

42 
51 

82 

88 

38 
47 

58 
73 

18 
24 

50 
62 

11 
14 

•  VMM 

82 

'42' 

'""88" 

"32' 

"'62' 

"ih' 

98 

84 

40 

95 

48 

88 

37 

84 

25 

62 

14 

58 

11 

56 

10 

118 

90 

33 

95 

55 

91 

50 

90 

20 

65 

15 

60 

2 

55 

15 

115 

86 

40 

91 

49 

90 

42 

86 

30 

73 

22 

56 

12 

61 

31 

103 

89 

40 

98 

58 

96 

50 

95 

36 

60 

26 

58 

14 

61 

15 

113 

89 

38 

95 

38 

95 

37 

i94 

«27 

•68 

no 

64 

—  8 

56 

-  2 

112 

85 

44 

89 

50 

87 

38 

86 

35 

76 

23 

56 

17 

61 

18 

•  •  •  « 

86 

37 

92 

45 

89 

39 

.85 

25 

76 

16 

58 

9 

63 

10 

102 

95 
93 

48 
43 

93 
94 

42 

40 

90 

88 

38 
32 

•  A  •  •  • 

61 
50 

3 

5 

.... 

"'96' 

"si' 

■'63' 

"ie" 

""56" 

8 

..*• 

88 

48 

95 

60 

93 

50 

94 

32 

66 

25 

58 

10 

60 

11 

..•• 

85 

36 
11» 

90 
15— E 

53 

iia  9 

90 

0 

49 

-31 

87 

34 

74 

26 

57 

15 

63 

14 

101 
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Tablb  of  Maximum  and  Minuium  Tsmpkratdrxs  and 


^i^        A^9 

Janaary. 

February. 

Maroh. 

ApriL 

May. 

Stations. 

1 

• 

* 

a 

o 

43 
42 
44 

40 
37 
48 
43 
41 
41 
36 
49 

• 

a 
o 

—11 

-15 
—33 

—  8 

—  9 
—21 

—  8 
—17 
—17 
—12 
—10 

• 

s 

• 

o 

65 

64 
58 
60 
65 
62 
64 
49 
58 
63 
69 

• 

3 

o 

11 
11 

8 
17 
14 

8 
13 
17 

7 
16 
15 

• 

8 

o 

75 
74 
68 
68 
73 
68 
,76 
59 

• 

a 

o 

20 
19 
18 
20 
22 
18 
20 
23 

1 

o 

89 

88 
84 

a 

i 

o 

29 
31 
24 

Michigan — Continued. 

Lansinir  (1)  ............ 

o 

51 
50 
48 
50 
50 
45 
50 
45 
46 
49 
53 

o 

6 
4 
—10 
0 
5 
3 
9 
6 

—  6 
9 

—  9 

Lansinir  (2) .-.,... 

Lathrop...... ...... .... 

Madison 

Manistee.. .••... ......'. 

84 
82 
91 
88 
90 
81 
90 
89 

86 

33 
30 
30 
30 

Marqaette 

Marshali 

May 

Mio 

25 

29 

Montaffne 

71 
76 
76 
74 
73 

20 
20 
12 

18 
16 

Mottville 

25  ! 

North  Adams 

26 
27 

2S 

North  Biarshall 

50 
52 

3 
3 

44 

45 

—10 
—14 

63 
63 

9 
10 

Olivet 

Otsego 

Ovid. 

50 
54 
55 
52 
52 
51 

4 
8 
6 

10 
5 

10 

41 
43 
50 
44 
41 
48 

—18 
-19 

-  8 
—10 
—13 

—  4 

63 
65 
66 
54 
63 
46 

10 
10 
12 
18 
14 
18 

74 
75 

78 
TS 
74 
66 

20 
15 
24 
24 
24 
22 

90 
88 
89 

84 
88 

28 

25 
29 
35 

30 

Paw  Paw 

Petersburgh 

Pontiac 

Port  Hnron 

Polaski 

Rawson  ville 

92 
87 
90 
79 
89 
79 
84 
91 
87 
90 
91 
85 

30 
33 
25 
27 
30 
30 
29 
29 
27 
34 
27 
26 

Romeo 

47 

46 

8 
—  8 

40 
44 

—  9 
—33 

..... 

77 
73 
65 
73 
62 
64 
80 
72 
76 
75 
72 
68 
75 

21 
17 
17 
23 
22 
10 
22 
20 
22 
21 
20 
20 
19 

Roscommon 

63 
40 
65 

58 
55 

6 
L5 
14 
12 

8 

St.  Ignace 

St.  John's 

49 
44 
42 

8 

8 

—13 

. .. .  • 

44 

37 
32 

—12 
—17 
—19 

Sand  Beach 

Saulte  de  Ste.  Marie 

Standish 

Stanton  

49 
44 
40 
40 
42 
46 

—20 
—23 
—22 
—22 
—10 
—19 

66 
53 
58 
63 
54 
64 
57 
67 
69 
66 

62 

12 
21 
11 
12 
15 
14 
11 
16 
9 
16 

2 

Thornville 

49 
46 
47 
46 
50 
44 
52 
48 
53 

—  6 
1 
5 
2 

—  8 

—  4 
7 

—  4 
4 

Traverse  City  (1) 

Traverse  City  (2) 

Vandalia 

Washington 

86 
88 
86 
90 

88 

82 

31 
28 
34 
28 
32 

West  Branch 

Williamston 

44 
42 
41 

—12 
—  8 
—11 

72 
76 

78 

71 

22 

20 
20 

26 

'    Yp8ilanti(l) 

Ypsilanti(2) 

Minnesota : 

Brainerd 

Crookston 

Dnlnth 

45 
40 
43 
41 

39 
40 
39 
44 

48 
40 

—13 
—10 
—11 

—  8 

—28 

-io" 

—  8 
—14 
—12 

53 
46 
37 
47 

52 

50 
47 
50 
46 
47 

—30 
-26 
—29 
-30 

—40 

—26* 
—25 
—34 
—26 

64 
66 
68 
69 

64 
64 
•66 
68 
66 
63 

1 

18 
13 
16 

—  6 

—  6 
•12 

17 
12 
17 

70 

78 
81 
BO 

70 

22 

26 
25 

28 

21 

78 
82 

85 
87 

33 

3S 
29 
31 

Farmington 

Fort  Snelling 

Grand  Meadow 

Lake     Winnibigoshish 
Dam 

Leech  Lake  Dam 

La  Sueur 

*74 
76 
84 
74 

*2S 
26 
20 
28 

«83 
87 
85 
81 

^0 
34 
26 
38 

Maukato 

Medford 

Minneapolis  ....•• ...... 

Montevideo 

Moorbead 

46 

40 
41 

—29 
-30 
—  8 

39 
39 

48 

—35 
-36 
—27 

68 
70 
66 

—  2 

8 
13 

82 
76 
78 

20 
23 
23 

87 
88 
84 

20 
29 
30 

Morris 

Northfield 

Owatonna 
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Annual  Banob  of  Tbmpbraturbb  vor  1889,  BTC.—Continned. 


June. 

July. 

AngUBt. 

September. 

October. 

November. 

December. 

• 

a 

i 

• 

• 

!2 

• 

8 

• 

i 

• 

a 

• 

H 

el 

• 
d 

• 

• 

• 

M 

ee 

• 
a 

s 

a 

^ 

^ 

^ 

^ 

':§ 

:^ 

:^ 

^ 

S 

a 

l:^ 

o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

87 

40 

93 

49 

93 

45 

90 

29 

74 

21 

57 

13 

62 

15 

104 

84 

40 

90 

48 

91 

45 

89 

28 

73 

19 

57 

13 

62 

17 

106 

90 

33 

102 

40 

88 

33 

86 

28 

64 

16 

56 

2 

46 

8 

135 

98 
86 

48 
50 

93 
86 

46 
44 

89 

87 

31 
33 

79 
59 

21 
22 

59 
51 

12 
16 

62 
57 

13 
15 

'"83* 

"37" 

"91 

87 

38 

88 

45 

88 

45 

84 

M 

67 

24 

66 

14 

46 

6 

109 

89 

41 

94 

49 

93 

45 

93 

28 

76 

21 

53 

12 

62 

13 

102 

80 
87 
82 

40 
33 
38 

78 
92 

84 

50 
41 
47 

•88 

•21 

68 
60 
65 

23 
11 
19 

58 
52 
51 

16 

2 

13 

"96' 

88 

"37' 
44 

"55* 
59 

..... 
17 

'"96" 

29 

'i62 

84 

40 

89 

49 

91 

44 

92 

25 

79 

19 

58 

12 

64 

11 

102 

89 

88 

41 
35 

92 
89 

36 
42 

93 

90 

44 
42 

89 
90 

29 
30 

76 
75 

21 

20 

58 
57 

12 
10 

"ei" 

..... 

'ioo 

90 

38 

87 

41 

90 

40 

90 

33 

73 

20 

56 

11 

60 

13 

104 

91 
89 

45 
43 

88 
88 

32 

27 

73 

70 

20 
19 

55 
58 

12 

10 

58 
60 

17 
11 

""'m' 

'"46' 

"93' 

""is' 

"iii 

85 

36 

91 

48 

94 

43 

91 

29 

75 

20 

55 

16 

63 

16 

113 

85 
80 

40 
42 

92 
86 

47 
53 

"'si' 

"'53' 

""si" 

"38* 

"68* 

"'27' 

"56* 

"is' 

"eo' 

"'is' 

"96 

84 

42 

91 

45 

89 

46 

87 

32 

68 

26 

60 

13 

62 

12 

104 

80 
82 

40 
42 

90 
90 

48 
44 

60 

27 
22 

58 
60 

14 

17 

58 
62 

20 
18 

"96* 

"56' 

88 

"32" 

•  •  *  A 
«  A  ■  • 

90 

86 

33 
26 

72 

64 

23 

8 

59 
54 

12 

3 

62 
52 

13 
5 

■'"92" 

"34' 

"96* 

"37' 

"96' 

"32* 

•  •  *  * 

129 

"'si' 

40 
42 

"92" 

46 
51 

84 
92 

37 
45 

78 
90 

32 
32 

58 
71 

19 
21 

44 

61 

5 
14 

"60* 

"ii* 

"ioi 

84 
85 

41 
38 

91 

88 

50 
45 

88 
84 

49 
43 

84 
80 

38 
34 

65 
57 

27 
21 

55 
42 

8 
3 

"i9' 

"is' 

'167 

89 

37 

96 

44 

93 

39 

89 

38 

67 

14 

58 

10 

54 

9- 

...  V 

85 

38 

89 

47 

93 

42 

88 

26 

71 

21 

5:} 

6 

59 

16 

.... 

86 

44 

92 

50 

90 

49 

92 

35 

69 

20 

60 

11 

61 

19 

115 

89 

38 

95 

43 

94 

42 

90 

33 

64 

Id 

55 

15 

54 

6 

117 

84 

32 

93 

34 

89 

43 

89 

34 

59 

20 

57 

15 

53 

8 

115 

80 
83 

42 

38 

90 
89 

48 

4a 

52 
59 

19 
11 

60 
62 

17 
15 

"96' 

"47' 

"'89' 

"33' 

"n* 

"is* 

'ioo 

87 

39 

91 

44 

87 

40 

85 

29 

64 

23 

55 

10 

52 

9 

w  •  •  • 

80 

46 

88 

55 

90 

47 

86 

36 

74 

22 

60 

30 

60 

20 

102 

86 

39 

92 

49 

91 

42 

89 

29 

75 

16 

55 

13 

59 

12 

100 

81 

42 

91 

52 

90 

44 

85 

34 

77 

24 

66 

17 

62 

17 

102 

99 

50 

98 
95 

84 

56 
51 
50 

97 
94 

K6 

53 

46 

48 

83 

92- 

76 

33 

30 
36 

78 
70 
70 

19 
18 
25 

"52* 

60 

1 

"io" 

43 

-■9" 
—  6 

"'eo' 

""43' 

iie 

90 

48 

100 

52 

88 

52 

82 

34 

76 

24 

52 

0 

44 

—  2 

126 

91 

37 

100 

48 

99 

45 

90 

29 

78 

20 

60 

—  7 

48 

—  6 

129 

96 

40 

96 

52 

99 

54 

93 

30 

75 

20 

58 

—  4 

58 

1 

129 

.  91 

46 

89 

53 

87 

52 

86 

34 

70 

23 

55 

—10 

37 

-17 

•  •  •• 

73 

29 

90 

39 

90 

37 

88 

26 

73 

18 

56 

—18 

40 

—18 

«  «  •  • 

90 

45 

*95 

54 

«94 

'»50 

83 

33 

77 

25 

«»57 

—11* 

50 

-10 

121 

88 

38 

95 

49 

91 

45 

90 

32 

78 

21 

53 

—  5 

50 

1 

120 

90 
90 

31 
45 

92 
99 

43 

56 

94 
93 

40 
55 

'"9i' 

"37' 

'"75' 

"25* 

"m" 

—■5' 

"ii" 

— 's' 

'i25 

100 
96 

52 
38 

•  92 
94 

32 
29 

80 

78 

21 

18 

64 
59 

—  5 

—  5 

47 

41 

—14 

—  8 

'"96" 

"si' 

"93' 

'39* 

"isi 

89 

43 

90 

45 

94 

46 

89 

:m) 

76 

22 

61 

—  8 

44 

—17 

130 

37 

'  50 

91 

45 

89 

30 

77 

18 

53 

—  7 

47 

0 

*  .  •  • 

"95' 

41 

92 

42 

88 

26 

80 

17 

53 

-12 

50 

q  • 

V^    V  V  w 
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Tablk  of  Maximum  and  Hinxmum  Tbmpbratubxb  axd 


January. 

February. 

March. 

ApriL 

May. 

Stations. 

• 

a 

a 

• 

1 

a 

a 

. 

0 

68 
72 
78 
75 

a 

s 

18 
13 
27 

28 

• 

M 

m 

0 

i 

MiDneaota— Continued. 
Pine  River 

o 

43 

47 
46 
38 

0 

-34 
-33 
—  6 
—15 

o 

46 
50 
48 
42 

0 
—44 

—25' 

—24 

0 

60 
65 
65 
65 

0 

—  4 

—  8 
19 
17 

0 

79 
75 
83 
81 

0 

30 
17 
33 
31 

Pokegama  Falla 

Red   ying 

RolUnir  Green 

St.  Charles 

St.  Paul 

42 

48 

—10 

■■56 
38 

—25 
—43 

67 
69 

13 
—  9 

76 
83 

26 
9 

84 
80 

90 
91 
92 

90 

33 
22 

33 

40 
39 
43 

St.  Yinoent 

MissiBsippi : 

Aberdeen -. 

Agricultural  College 

Batesville .. ...... ...... 

65 

68 

22 
21 

81 
80 

30 
33 

85 
85 
83 

37 
37 
34 

76 

15 

BooneTille  ............. 

Brookbaven ...... ...... 

Cauton  ......a.........: 

28 

24 

46 

"99" 
93 

48 

41 

<32 

45 

Columbus..  ....••  ••.... 

Corinth 

Edwards............... 

78 

23 

78 

32 

Favette 

...» 

Qreenville 

81 

25 

80 

30 

82 

45 

87 

91 
88 
93 
96 
89 
91 
94 
92 
89 
94 
9«» 
96 
96 

45 
(43 
50 
46 
42 
40 
50 
37 
43 
47 
46 
37 
43 
40 
41 

Hazlehu  rBt 

Hernando 

Holly  Springs  (1) 

72 

20 

Holly  Sprtnira  (2) 

M 

Jackson ................ 

Kosciusko •.•••• 

33 

69 

52 

Lake ...,.••••. 

Lamar  ................. 

66 
68 
66 

a5 

«62 

22 
28 
32 
22 
•23 

76 
74 
75 
'81 

20 
30 
31 
120 

82 
80 
79 
86 

'78 

32 

36 
37 

28 

'28 

Loch  Leven  ...... ...... 

88 
86 
92 
85 

47 
45 

36 

38 

Loirtown ............... 

Louisville 

Macon  (1) 

Macon  (2) 

Meridian  (1) 

Meridian  (2) 

Natchez...... 

94 
98 

43 
40 

Okolona 

Palo  Alto 

64 
71 
59 

24 
32 
23 

78 
75 
65 

19 
31 
19 

Pearlington  ............ 

77 
82 

41 
27 

87 
84 

45 
39 

88 
92 
"90 
92 
90 
93 
92 
99 
89 
94 

55 
39 
«40 
44 
41 
44 
4» 
43 
39 
41 

Pontotoc 

Port  Gibson 

Rienzi  ................. 

68 
•72 
75 
79 
81 
71 

18 
«24 
17 
24 
18 
25 

*  "  •  •  • 

J77 
k79 
80 
80 
82 
80 

J42 

k30 

29 
36 
31 
30 

84 
83 
82 
86 
88 
84 

46 
39 
41 
46 
43 
37 

Summit 

i65 
62 
70 

i24 
22 
26 

University ,. 

Vicksburg .............. 

Water  Valley 

Waynesborough  (1) 

Waynesborooeh  (2^ 

64 

24 

Missouri: 

Columbia  .............. 

Conception 

53 
47 

48 
56 
60 

—  1 
0 
4 
2 

11 

—  2 
2 
4 
2 

68 
70 
67 
70 
74 
72 
70 
70 
67 

22 
16 
14 
20 
22 
19 
20 
22 
20 

84 

39 

84 

37 

Craig  ............ ••.... 

58 
66 
69 
72 
60 
73 
68 
66 

—  6 

—  7 

—  5 

—  iJ 

—  4 

—  8 

—  5 

—  7 

Excelsior  Springs 

Favette 

84 
83 
76 

"82' 
83 

84 

24 
27 
28 
32 
28 
32 
30 

90 
88 
86 
93 
89 
87 
88 

38 
33 

40 

:» 
34 

36 
40 

Fox  Creek 

Franktord......  ...... .. 

Glasgow  ............... 

55 

49 
48 

Grand  Pass...... ...... . 

HairisonviUe 
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Ankual  Rangk  of  Tempbbaturks  for  1889|  etc.— Contlnned. 


June. 

July. 

Augast. 

September. 

October. 

November. 

December. 

^ 

• 
c 

8 

• 
a 

08 

• 
a 

8 

• 
a 

8 

• 
p 

8 

• 

0 

• 

8 

• 
a 

& 

a 

^ 

^ 

a 

^ 

S 

^ 

3 

s 

S 

s 

S 

:5 

^ 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

89 

40 

96 

55 

88 

50 

88 

26 

66 

10 

48 

—10 

38 

—10 

140 

92 

30 

90 

36 

88 

34 

85 

21 

74 

11 

50 

—25 

44 

—29 

•  •  •  a 

88 

41 

95 

50 

91 

46 

90 

32 

76 

22 

52 

—  2 

49 

0 

120 

89 

49 

92 

56 

94 

53 

86 

29 

78 

21 

52 

—  2 

50 

—  6 

118 

94 
91 

53 
49 

88 

34 
32 

82 

76 

20 
25 

57 
56 

—  1 

—  4 

54 

47 

2 
—  4 

90 

42 

96 

50 

121 

92 

33 

94 

41 

95 

32 

94 

28 

7T 

9 

58 

-5 

40 

—21 

138 

94 

40 

94 

97 

100 

62 
61 
62 

94 
94 
96 

56 
59 
56 

90 
93 
94 

40 
44 
44 

84 
86 
82 

28 
34 
30 

80 
79 
80 

20 
24 
22 

• 

75 

78 

32 
22 

98 

46 

85 

95 
96. 

43 
42 

93 
98 

61 
64 

■ 

84 

d2i 
24 

78 
80 

25 
26 

98 

56 

98 

42 

90 

34 

•  •  •  » 

88 

49 

91 

71 

66 

51 

•  •  •  •  # 

37 

•  •  •  • 

28 

•  •  «• 

104 

43 

104 

66 

105 

60 

100 

44 

90 

31 

80 

21 

78 

22 

•  •  «  • 

92 

36 

94 

54 

94 

54 

92 

44 

82 

28 

78 

20 

79 

24 

•  •  «  • 

94 

48 

98 

70 

94, 

62 

96 

48 

88 

40 

84 

26 

77 

28 

•  •  •• 

J93 

m 

96 

68 

94 

63 

95 

49 

90 

39 

87 

26 

79 

30 

•  •  «• 

89 
96 
94 
90 

48 
60 
59 
50 

92 

96 

•96 

93 

68 
64 
55 
66 

92 
94 
95 
92 

62 
60 
57 
61 

91 

98 
91 

88 

49 
44 

45 
50 

84 
92 
88 
78 

36 

30 
40 

81 
88 
72 
74 

28 
24 
26 
24 

70 

32 

*  •  «  * 

94 
96 

48 
44 

96 
98 

64 
66 

94 

98 

58 
56 

92 
96 

46 
44 

82 

'h8 

36 
36 

70 

82 

20 

28 

76 

24 

93 

57 

91 

66 

92 

61 

93 

53 

89 

33 

as 

23 

78 

27 

•  •  •  • 

95 

40 

98 

64 

94 

56 

94 

40 

88 

30 

82 

20 

76 

20 

•  •  •• 

91 

50 

94 
98 
94 

70 
70 
70 

*»80 

«»30 

95 
91 

62 
66 

94 
94 

50 
51 

88 
88 

38 
41 

84 
81 

28 
29 

93 

50 

77 

30 

65 

98 

39 

100 

66 

98 

58 

102 

39 

93 

30 

89 

18 

82 

22 

84 

91 

98 

101 

46 
42 
45 

94 
100 
104 

56 
66 
62 

86 
86 

32 
30 

96 
<99 

58 
«59 

96 

40 

88 

34 

93 
97 
96 

42 
45 
42 

88 
92 
86 

32 
34 
32 

77 
88 
84 
82 
81 

22 
22 
20 
24 
29 

76 

22 

97 
96 

48 
44 

98 
98 

64 
62 

97 
98 

60 
58 

77 
77 

25 

30 

93 

50 

94 

73 

91 

66 

94 

51 

88 

41 

65 

91 

46 

90 

61 

90 

57 

90 

43 

8:? 

33 

80 

26 

79 

28 

73 

93 

90 

43 
52 

97 
93 

67 
66 

95 
91 

53 
63 

96 
90 

42 

48 

92 

85 

32 

38 

89 
79 

20 
26 

78 

30 

«  *  •  « 

93 
90 

44 

47 

93 
94 

66 
64 

89 
91 

62 
61 

86 
82 

36 

38 

J78 
78 

«28 
23 

92 

48 

74 

28 

77 

92 

52 

94 

69 

92 

66 

94 

51 

88 

39 

85 

30 

79 

84 

70 

97 

50 

100 

66 

98 

62 

98 

48 

86 

34 

85 

24 

79 

26 

••  •  * 

94 

41 

95 

55 

95 

58 

92 

44 

88 

35 

85 

23 

75 

25 

72 

94 

41 

96 

66 

94 

60 

94 

89 
87 

42 

33 
39 

88 

83 

84 

34 

32 
27 

82 

72 
59 

22 

12 
4 

76 
67 

11 

7 

88 

51 

90 

54 

88 

54 

•  •  ■  • 

72 
65 

12 

10 

75 
70 

2 

8 

97 

40 

97 

51 

95 

53 

89 

32 

83 

22 

104 

94 
90 

41 
42 

*47 

99 
90 
98 

52 
60 
46 

89 

33 

86 
70 
83 

28 
33 
24 

70 
62 
61 

11 

16 

6 

72 
68 

11 
16 
11 

87 

64 
56 

78 

21 

•  •  *  • 

95 

40 

99 

52 

94 

51 

87 

32 

85 

29 

70 

10 

72 

10 

107 

92 

43 

94 

54 

93 

53 

87 

35 

84 

34 

69 

12 

69 

10 

90 

96 

50 

97 

58 

93 

56 

89 

33 

92 

28 

69 

12 

74 

24 

104 
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Tabub  ov  Maximum  and  Minimum  Timpkbatttsss  and 


January. 

February. 

March. 

ApriL 

May. 

SUtionB. 

m 

s 

:^ 

o 

69 
58 
52 
54 
50 
60 
45 
55 
.50 
60 
58 
49 
55 
48 
62 
64 
63 

as 

61 
60 
63 
50 

a 

o 

16 
5 
4 
4 
2 
5 
6 
3 
4 
23 
18 
0 
8 
1 

11 

13 

12 

1 

5 

4 

12 
2 

• 

s 

o 

70 
59 
65 
66 
60 
65 
70 
72 

"69* 
62 
64 
69 
61 
70 
69 
68 
63 
67 
65 
73 

• 

a 

Q 

4 
—10 

—  4 

—  4 

—  7 

—  3 

—  6 

—  6 
..... 

9 

—  8 
0 

—  6 

—  1 
0 

—  2 

—  7 
1 
1 

—  4 

• 

s 

• 
a 

• 

o 

84 
86 

87 
88 
78 

• 

a 

a 

o 

36 
48 
33 

:t2 

30 

1 

• 
e 

s 

Missouri— CoDt^naed. 

IroDton ...*..... 

0 

80 
74 
71 
74 
72 
73 
70 
75 
64 

o 

26 
14 
22 
22 
22 
22 
21 
20 
20 

o 

88 

88 
85 
88 
88 

o 

44 

28 
39 
37 
36 

Jefferson  Barrftoks 

Kansas  City  (1) 

Kansas  City  (2) 

Kirksville 

Lamonte •... «... 

Mexico  ................. 

78 
86 

78 

31 
32 
34 

85 
90 

88 

42 
37 
38 

Miami 

New  Frankfort 

New  Haven 

Oak  Ridge 

72 
75 
76 
70 
74 
76 
75 
75 
74 
74 
78 

27 

18 
13 
25 
23 
25 
25 
20 
20 
19 
16 

79 

88 

40 
30 

86 
90 
88 
90 
87 
90 
90 
90 
89 
86 
90 

32 
34 
26 
36 
40 
42 
42 
37 
37 
37 
31 

OreiFon 

Osark 

Princeton 

86 

35 

St.  Charles 

St.  Louis  (1) 

84 
84 
83 
84 
82 
80 
87 
91 

30 
30 
34 
36 
35 
80 
35 
35 

St.  Louis  (2) 

Sedslia 

Sprinirfield  (1) 

Sprinirfield  (2) 

Steelvllle 

Warrensborgh 

Willow  Springs 

30 

100 

31 

Wither's  Mills 

40 

51 

51 
48 
48 
43 

—21 

—21 
—12 
-12 

-18 

66 

62 
60 
54 
54 
55 

—  4 

—22 
—29 
—24 
—24 
-25 

Montana: 

Fort  Assinniboine  (1) . .. 
Fort  Assinniboine  (2)... 

Fort  Custer  (1) 

Fort  Custer  (2) 

70 
72 
70 
70 
72 

5 
4 
12 
6 
3 

81 
81 
78 
78 
80 

23 

18 
26 
26 
21 

87 
81 
85 
85 
85 
78 
86 
89 
82 
80 
80 
80 

29 
26 
29 
29 
33 
14 
84 
32 
26 
28 
31 
27 
34 
36 
28 

Fort  Keogh 

Fort  Logan 

Fort  Mairinnis 

59 
44 

56 

—15 

21 

—22 

57 
58 
60 

—23 
Of 
—20 

74 
70 
72 

5 

23 

3 

79 

76 
80 

25 
25 
23 

Fort  Missoula 

FortSbaw 

Olendi ve 

Helena 

48 
44 

—14 
-20 

61 

58 

—15 
—35 

64 
73 

4 
—  7 

76 
80 

25 
17 

Poplar  River,  Camp 

Powder  River 

Slieldon 

41 
43 

—17 

—  8 

49 
51 

—10 
—11 

62 

60 

15 
15 

75 
73 

28 

12 

86 
79 

Virginia  City 

Nebraska: 

Alliance......  •••.. 

Ansley 

52 
46 

—  5 

—  3 

60 

48 

—  9 
—20 

"76" 
71 

7 
11 

83 
81 

25 
30 

95 
93 

22 
82 

Ashland 

Bingham 

Brownville 

90 
87 
94 
89 

33 
40 
26 
32 

Craig 

" 

k82 

87 

82 

62 

'86 

"si" 

82 
86 
83 
88 
63 

k34 
25 
27 
27 

'28 
25 
31 
32 
26 
18 
20 
22 

Creighton 

45 
52 

—15 
—  5 

55 
52 
52 
60 

—27 

—16 

—16 
—14 

76 
70 
70 
78 

8 
15 
15 

4 
14 
17 

8 
8 
0 

Crete  (1) 

Crete  (2) 

Cull>ertson 

56 
48 
44 

—16 
0 

—  4 
0 

—  4 
—14 

1 

—  4 

David  City 

w     ,         -- 

1 

86 
93 
89 
92 
85 
89 
86 

34 
34 
42 
33 
20 
82 
84 

T)e  Soto 

51  i— 11 

71 
70 
73 
71 
70 
68 

Falrburv 

56 
59 
59 
64 
60 

—  6 
-12 
-16 
—17 
-10 

Falls  City 

46 
50 
55 
55 

Fort  Niobrara 

Fort  Robinson..... 

Fort  Sidney 
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Annual  BANas  of  Tsmpkiulturks  fob  1889,  btc— Continned. 


June. 

July. 

Aagiut. 

September. 

October. 

November. 

December. 

m 

• 

a 

• 

a 

m 

a 

• 

• 
a 

•*4 

• 

8 

• 

a 

m 

i 

• 
a 

• 

• 
d 

• 

• 

0 

S) 

§ 

s 

^ 

:si 

a 

S 

r 

S 

^ 

^ 

S 

c 

S 

M 

o 

o 

o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

90 

54 

91 

62 

90 

60 

90 

44 

84 

30 

70 

16 

76 

18 

87 

93 

30 

95 

53 

100 

50 

92 

33 

92 

28 

72 

14 

75 

16 

110 

89 

50 

92 

60 

91 

60 

89 

40 

86 

32 

67 

10 

70 

12 

96 

94 

46 

98 

66 

97 

56 

93 

36 

88 

28 

68 

10 

70 

10 

102 

94 
95 

r>6 

57 

"99' 

52 
62 

"ida" 

54 

60 

70 
75 

8 
10 

98 

32 

88 

40 

70 

10 

•  ■  •  ■ 

94 
98 

48 
42 

98 
102 

60 
56 

98 

56 

94 

32 

86 

34 

68 

10 

70 

10 

108 

92 

42 

98 

60 

96 

64 

86 

36 

86 

32 

58 

12 

70 

12 

m  m  •  m 

96 

60 

88 
90 
92 

48 
40 
37 

88 

40 

66 
68 
62 

IV 
22 

8 

73 
69 
73 

24 

22 

6 

88 
89 

40 
47 

97 
88 

57 
58 

91 

56 

"*86" 

'32" 

99 

95 

40 

98 

46 

92 

52 

87 

33 

87 

27 

65 

16 

73 

13 

98 

98 

55 

98 

65 

99 
90 
91 

57 
55 
60 

86 
84 
90 

38 
38 
42 

84 
83 
84 

31 
32 
35 

63 

10 

66 

6 

105 

93 

47 

93 

61 

62 

14 

'73 

26 

93 

92 

49 

96 

60 

91 

60 

90 

42 

84 

36 

62 

14 

73 

20 

98 

96 

47 

100 

56 

100 

56 

94 

35 

88 

30 

72 

9 

74 

9 

107 

91 
90 

50 

48 

84 
84 

32 
32 

92 

56 

89 

57 

86 

38 

71 

14 

74 

i3 

91 

90 

38 

94 

51 

92 

50 

89 

32 

84 

23 

78 

16 

76 

12 

98 

90 
100 

53 
39 

92 
slOO 

54 
54 

84 
93 

40 
32 

86 
92 

32 

29 

66 
75 

11 
15 

78 
78 

8 
12 

53 

•  V  «  ■» 

80 
89 

32 
21 

.,70 

14 
—16 

98 

39 

91 

41 

99 

41 

87 

22 

63 

—14 

50 

121 

99 

38 

91 

47 

92 

42 

88 

22 

88 

18 

63 

—14 

47 

—14 

128 

100 

36 

95 

41 

100 

45 

86 

30 

89 

23 

64 

6 

58 

—  4 

124 

100 

36 

95 

41 

100 

45 

86 

30 

89 

23 

64 

6 

58 

—  4 

124 

104 

42 

101 

46 

102 

45 

87 

29 

92 

18 

65 

—  3 

53 

—11 

129 

90 

35 

88 

31 

92 

32 

82 

16 

80 

16 

55 

—  8 

44 

—  7 

■  >aa 

96 

36 

94 

37 

96 

42 

88 

24 

94 

20 

67 

5 

57 

—14 

119 

92 

38 

96 

37 

86 

36 

82 

20 

81 

25 

59 

0 

55 

—10 

117 

95 

38 

95 

35 

92 

41 

90 

26 

91 

20 

67 

4 

50 

—12 

117 

101 

33 

99 

36 

98 

40 

89 

31 

91 

18 

64 

—14 

55 

—  6 

« •  •  • 

89 

40 

91 

39 

93 

40 

80 

28 

80 

30 

54 

12 

47 

—  9 

108 

103 

38 

99 

41 

102 

39 

90 

27 

93 

11 

63 

23 

39 

L-17 

138 

110 

48 

106 

57 

110 

50 

90 

29 

96 

15 

62 

—  3 

55 

—  4 

ft  •  «  « 

96 

50 

94 

40 

86 

44 

80 

32 

80 

28 

48 

14 

44 

2 

113 

90 

34 

92 

29 

91 

35 

79 

28 

m 

19 

52 

7 

47 

—  3 

103 

93 
91 

33 
31 

91 
86 

25 

11 

78 
74 

0 
2 

76 
70 

—  2 

—  1 

104 

43 

105 

43 

97 

40 

114 

95 

43 

98 

50 

93 

54 

92 

:<{ 

84 

23 

58 

8 

69 

7 

118 

103 
93 
94 

48 
54 
57 

93 
90 
H9 

46 
52 

58 

93 

28 

6^ 

0 

62 

90 
93 

46 
56 

83 

36 

82 

22 

60 

5 

63 

2 

•  «  •  • 

98 

42 

102 

44 

97 

45 

101 

32 

80 

15 

58 

0 

57 

0 

129 

91 

43 

95 

50 

89 

51 

91 

34 

83 

22 

62 

4 

68 

2 

HI 

91 
97 
86 
92 

43 
49 
52 

40 

95 

108 

92 

96 

50 
42 
42 
54 

91 

98 

34 

30 

83 

22 

62 

6 

68 

2 

88 
93 

52 
54 

82 

83 

18 
24 

60 
56 

0 
7 

62 

e7 

8 
6 

87 

33 

107 

90 
94 

"is" 

96 
97 

"*63* 

90 
93 

"54' 

86 
94 

32 

28 

57 
51 

10 
20 

72 

69 

7 
4 

34 

89 

109 

95 

32 

110 

43 

105 

43 

98 

26 

91 

24 

64 

—12 

63 

—14 

126 

96 

38 

106 

40 

99 

40 

97 

24 

97 

24 

67 

0 

66 

—  1 

123 

97 

39 

109 

35 

106 

42 

100 

25 

90 

12 

65 

0 

66 

—  5 

119 

r'-' 
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Table  or  Maximum  and  MnnMUM  Tempbratubu  ajcD 


January. 

Febmary. 

Maxoh. 

AprU. 

May. 

Biations. 

• 

o 

58 
46 

48 

a 

a 

3 

O 

—  4 

—  4 

—  7 

• 

3 

O 

54 
49 
51 

• 

3 

o 

—  8 
-20 
—19 

1 

o 

74 
70 
68 

• 

i 

o 

8 
13 
12 

i 

s 

1 

1 

Nebraska — Continned. 

Franklin 

0 

85 
79 
79 

o 

30 
30 
29 

o 

90 
91 
91 

o 

34 

37 
90 

Fremont  .....••.•••.... 

Oenoa ...... ............ 

Qerinff  ...- - 

Hay  Sprinm..... 

49 

—  5 

56 

—20 

67 

4 

78 

19 

82 

86 

Howe 

Kennedy 

63 

59 

—13 
—11 

75 

10 

86 

24 

94 
'86 

29 
82 

Kimball 

54 

—  3 

Liexinffton  ............. 

68 
79 
85 
84 
88 
80 
84 
80 
88 
84 
80 
79 
63 
71 
81 
«76 
82 
84 
82 
83 
82 

31 
24 
28 
30 
31 
27 
24 
32 
27 
27 
28 
27 
29 
34 
36 
135 
23 
28 
30 
32 

Lincoln 

40 
50 
48 
49 
44 
48 
47 

—  4 

—  5 

—  4 

—  3 

—  9 

—  9 

—  2 

52 
53 
54 
56 
50 
56 
53 
58 
56 
52 
54 
51 

—17 
—10 
—16 
—12 
—10 

—  6 
—10 

—  9 
—26 
—10 

—  8 
—14 

69 
69 
68 
70 
66 
69 
71 
62 
69 
70 
67 
68 
59 
71 
64 
81 
75 
70 

9 
14 
14 
16 
7 
9 
17 
11 

t 

16 

7 
14 
25 
15 
14 
10 

8 
12 

Mara  net  te....«. ........ 

95 
92 
86 
91 
89 
90 
94 
94 
93 
88 
94 

"90* 
87 
84 
94 
98 
90 
82 

88 
90 
86 
95 

100 
89 
95 
88 
91 
95 
95 

106 
92 
96 
90 
94 
96 
96 
91 
87 
92 
98 
93 

32 

40 
32 
94 
25 
87 
85 
25 
25 
26 
35 
36 
40 
32 
23 
29 
40 
40 

23 
34 

21 
38 
46 
29 
30 
29 
28 
31 
42 
54 
34 
26 
91 
25 
34 
30 
27 
30 
40 
32 
86 

Minden  

Nebraska  City 

Nortb  Lonn  ............ 

North  Platte 

Omaha 

Omaha  Barracks 

Oakdale 

46 
46 
46 
42 

-13 

—  6 

—  5 
—13 

Palmer 

Rayenna 

Sareent -. 

Stratton 

Syracuse  ............... 

45 
45 
58 
46 
4b 

2 

—  4 

—10 

—  6 
—10 

57 

48 
66 
53 
50 

—  8 
—15 
—15 
—12 
-21 

Teonmseh  .............. 

Valentine 

Weepiuff  Water 

West  Hill 

Weston 

West  Point 

45 

40 

48 

—10 

3 
-6 

52 

51 
58 

—20 

6 
—  2 

73 

71 

70 

20 
30 

Nevada : 

Anstin 

Battle  Moantai  n 

Belmont  .--. 

85 

36 

Beowawe 

Brown's 

50 

48 

-19 
0 

60 
66 

—  8 
4 

78 

77 

30 
28 

83 

88 
78 
84 
77 
80 
88 

33 
40 
29 
30 
27 
24 
27 

Caudelaria ............. 

Carlin 

35 
55 
57 
56 

—24 

—  1 

—  7 
4 

52 
62 
67 
64 

—  7 
1 

—  4 
10 

• 

72 
71 
77 

74 

20 
24 
20 
22 

Carson  Citv(l) 

Carson  City  (2) 

Dayton 

Downeyville 

£1  Dorado  Canyon 

Elko  (I) 

65 
53 
46 
60 
45 
32 

34 
—22 
—18 
—15 
—11 
—  6 

75 
72 
55 
65 
54 
52 

32 
-11 

—  5 

—  7 

—  4 

—  6 

85 
84 
62 
68 
70 
66 

47 
12 
22 
20 
15 
32 

100 
78 
85 
80 
84 
80 

48 
28 
21 
24 
16 
30 

•*^*^*'  **./•..... ...... .... 

Elko  (2) 

,m-t»^v    V"'/  ......  ......  .... 

Ely 

^^'if  ...... ...... ........ 

Enreka 

Fenelon 

Ferirnson's  Ranch  ...... 

Fort  McDermitt 

Genoa 

52 
53 
60 
44 

54 

4 

0 

—10 

—20 

10 

62 
58 
75 
56 
70 

4 

8 

10 

—  8 

8 

68 
69 
75 
70 
74 

25 
24 
25 
26 
30 

81 

21 

Goloonda 

80 
90 
84 

38 
30 
32 

Halleck 

Hawthorne  (1) 

Hawthorne  (2) 

Hot  Springs 

60 
50 

2 
-  3 

69 
68 

10 
10 

65 

70 

18 
28 

85 
84 

38 
36 

100 
94 

42 

82 

Hnmboldt 
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Annual  Ranob  of  Tkmpbraturks  vor  1889,  BTC.--Oontinaed. 


Jane. 

Jaly. 

AngUBt. 

September. 

October. 

NoTember. 

Deoember. 

s 

• 

i 

• 
a 

•*4 

• 

s 

• 
a 

• 

8 

.S 

• 

s 

• 
p 

• 

H 

• 

p 
>«4 

• 

p 

mm* 

• 

• 

^ 

S 

X 

s 

S 

s 

0 

s 

S 

S 

X 

s 

S 

s 

o 

o 

o 

0 

0 

.  0 

0 

0 

0 

0 

0 

0 

0 

0 

93 
90 

45 

50 

64 

58 

—  4 

7 

68 
66 

—  3 
9 

"96" 

54 

91 

56 

86f 

39 

78 

23 

116 

93 

45 

99 

52 

91 

53 

88 

36 

83 

20 

56 

1 

64 

7 

118 

101 
104 

54 
43 

102 
98 

48 
43 

96 
95 

32 
24 

84 
84 

24 
22 

65 
64 

6 
—  6 

66 

»64 

1 
—  3 

■"«93' 

"»39' 

124 

89 
96 

32 

36 

90 
84 

27 
29 

56 
68 

8 
0 

70 
71 

0 
6 

100 

42 

105 

50 

103 

50 

"  ■ ".  • 

99 

37 

108 

38 

105 

41 

100 

25 

65 
63 
65 
61 
62 
71 
62 

0 
10 
4 
7 
2 
5 
0 

•••• 

•  ■  •• 

•  ••• 
■  •  ■  • 

72 

19 

63 
60 

3 

6 

90 
89 

36 
38 

94 
94 

52 
54 

102 
98 
92 

100 

52 
58 
51 
42 

"97* 
96 

55 
54 

20 
24 
15 

68 
64 
58 

0 
5 
2 

82 
88 

98 

38 

95 

'"-ie" 

87 

31 

110 

91 

42 

102 

42 

96 

47 

90 

31 

88 

23 

62 

2 

70 

6 

111 

90 

44 

94 

56 

92 

56 

88 

38 

84 

28 

60 

7 

68 

10 

104 

fl03 
96 
92 
90 

M2 
40 
48 
41 

96 

92 

93 

100 

•54 
50 
52 
47 
57 

87 
89 

35 
29 

84 

27 

60 
60 
62 
65 

4 
0 
0 
4 
—  3 

70 
59 
60 
64 

5 

0 

10 

4 

99 
100 

98 
101 

■95' 

45 
60 
43 

"as 

62 

80 
84 

20 
16 

*"89* 

46 
55 

90 

58 

89 

37 

84 

26 

61 

9 

68 

6 

10:) 

90 
92 

50 
43 

C94 
106 

C52 
44 

89 
98 

61 
46 

82 
97 

39 
33 

81 
86 

35 
22 

^55 
67 

*9 
—  2 

66 

—  6 

121 

93 

44 

100 

47 

94 

51 

89 

31 

83 

21 

63 

8 

69 

1 

112 

92 
94 

55 

49 

102 
96 

60 
58 

92 
96 

56 
54 

83 
82 

25 
31 

60 
65 

0 
11 

62 

80 

5 
5 

89 

37 

a  •  ■• 

90 

100 

97 
102 

47 
54 

92 

95 
100 

44 

54 

86 

•  •  •  •  # 

85 

71 

18 

65 

50 
60 

—  2 

0 

96 

48 

89 

45 

80 

30 

59 

23 

108 

87 

41 

96 

51 

92 

49 

82 

35 

78 

24 

28 

9 

42 

—  3 

•  •  *  » 

94 

53 

102 

65 

99 

58 

90 

40 

89 

28 

53 

18 

54 

—  9 

121 

104 

48 

110 

65 

100 

58 

100 

45 

90 

29 

71 

18 

60 

2 

110 

95 

46 

97 

57 

95 

51 

85 

37 

82 

28 

58 

22 

47 

4 

«  *  «  « 

102 

56 

108 

60 

102 

44 

90 

30 

87 

25 

56 

10 

54 

-20 

132 

92 

41 

100 

43 

93 

40 

88 

28 

a5 

21 

64 

16 

52 

—  7 

107 

94 

37 

101 

40 

94 

37 

92 

26 

88 

22 

71 

12 

54 

—11 

112 

98 

50 

105 

52 

101 

55 

92 

42 

87 

36 

68 

29 

59 

1 

a  •  •  • 

110 

68 

119 

69 

117 

71 

110 

60 

108 

47 

81 

41 

70 

36 

87 

101 
102 

50 
34 

107 
108 

56 
36 

101 
103 

46 
29 

94 

28 
13 

56 
61 

18 
4 

52 
54 

—14 
—20 

84 

17 

128 

93 

:«{ 

99 

48 

87 

34 

81 

23 

1  79 

14 

62 

9 

61 

—14 

114 

99 

38 

106 

44 

103 

38 

89 

24 

87 

19 

59 

13 

50 

—  4 

117 

96 

50 

98 

58 

98 

50 

100 

38 

98 

27 

60 

20 

55 

—13 

113 

98 

40 

104 

51 

99 

41 

92 

SO 

87 

22 

60 

11 

59 

5 

•  •  •  • 

86 

41 

98 

44 

94 

41 

88 

29 

85 

26 

6;{ 

18 

52 

—12 

•  •  •  • 

94 

54 

104 

67 

98 

56 

92 

38 

92 

30 

76 

22 

62 

6 

114 

104 

102 

50 
62 

110 
106 

59 
66 

105 
100 

40 
60 

91 
90 

30 

48 

82 
76 

26 
36 

68 

28 

■66' 

18 

98 

97 
90 

48 
50 

102 
115 

55 
60 

100 
108 

51 
50 

92 
95 

38 
32 

88 
74 

29 
27 

67 
65 

23 
10 

60 

0 

115 

94 

54 

106 

58 

100 

40 

90 

46 

80 

28 

62 

15 

65 

0 

109 

4d0 
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TaBLS  of  MaXIICUM  and  HdOXUM  TBMPSRATDBaS  AXD 


January. 

February. 

March. 

ApriL 

May. 

Stations. 

• 

1 

0 

68 

• 
a 

3 

o 
5 

• 

Q 

• 

1 

o 
73 

HO 
70 
72 
68 

• 

• 

8 

• 
a 

• 

8 

1 

• 

0 
0 

25 
39 
36 

Nevada— Continued. 

Lower's  BAnch 

0 

63 

O 
1 

o 

20 
21 
30 
24 
18 

o 

78 
90 
84 
92 

84 

o 

26 
30 
35 
39 

20 

o 

89 

92 

110 

100 

90 

Mill  City 

Montello  ••........ 

3d 
45 

56 

—10 
—22 
—  6 

54 

58 
60 

6 

0 

—  2 

Palisade 

30  1 

Pioche 

23! 

PanchBowl 

Reno 

52 
53 

8 
0 

62 

•  •« « . 
8 

80 

26 

76 
80 
69 

81 

36 
25 
18 
21 

Bono  State  University .. 
RabvHill 

90 
74 

29 
20 

St.  Clair 

SodaviUe 

Tecoma 

45 
40 
42 

—10 
—  8 
—10 

66 
50 
61 

0 
3 
0 

72 
70 
62 
78 

30 
32 

20 
20 

84 
78 
75 
80 

38 
36 
20 
80 

92 

86 

34 

Toano. 

36 

TuBcarora... 

Verdi 

89 
88 
94 
101 
85 
91 
91 

96 
94 
92 
87 

31 
26 
38 
30 
20 
30 
31 

25 
29 
33 
32 

Virginia  City 

Wadsworth 

84 
75 
73 
80 
82 

77 

79 
77 

33 
22 
24 
21 
34 

10 
18 
23 
21 

Wells 

52 

49 
49 
49 

60 
60 
56 
50 

—20 

6 

—14 

—14 

—  9 

—  9 

—  3 

—  7 

57 
53 

62 
69 

10 
4 
2 
3 

• 

Wellington 

59 
70 
73 

12 
24 

28 

Winnemncea  (1) 

Winnemocca  (2) 

Kew  Hampshire : 

Berlin  Falls 

Berlin  Mills 

48 
541 
42 

-28 
—14 
—25 

60 
61 
53 

0 
8 
8 

Concord 

Hanover  (1) 

Hanover  (2) 

Manchester  (1) 

Manchester  (2) 

Manchester  (3) 

Nashua 

60 
56 
55 
59 

3 

1 
—  1 

1 

50 
51 
48 
47 

—  9 

—  9 
—12 

—  8 

62 

65 
63 
65 

14 
16 
16 
13 

79 
80 
78 
82 
76 
85 
81 
77 
85 
79 
79 
78 
74 

73 
72 
70 
82 
76 
76 
76 
77 
76 
80 

24 
24 
23 
25 
25 
15 
24 
28 
18 
25 
19 
19 
12 

25 
28 
32 
30 
36 
34 
32 
28 
28 
28 

94 
95 
94 
95 
93 

36 
32 

33 
32 

Newton 

North  Chesterfield 

51 

—  9 

—  3 

46 
44 

47 
44 
44 
47 
50 
47 

52 

49 
48 
50 
46 
51 
50 
50 
50 
60 
50 
50 
48 
48 
48 
44 
46 

—30 
—21 
—21 
—24 
—10 
—27 
—16 
—44 

1 
1 
2 
2 
4 
6 
5 
1 

—  2 
-2 

4 
0 
0 
4 
3 

—  3 

—  1 

56 
61 
58 
59 
55 
63 
66 
62 

64 
64 
60 
67 
64 
64 
66 
64 
62 
61 
62 
62 
63 
63 
63 
62 
64 

0 

8 

12 

—  2 
13 

.  5 
11 

—  6 

22 
23 
27 
25 
29 
32 
28 
25 
21 
22 
26 
24 
24 
26 
28 
23 
23 

North  Conway  ......... 

94 

"96* 
87 
97 
8R 
94 

90 
90 
89 
92 
85 
90 
90 
91 
88 
90 
92 
88 
90 
*86 
90 
90 
92 

31 
32 

29 
36 
32 
30 
28 

32 

39 
41 
36 
45 
50 
40 
35 
34 
38 
39 
96 
36 
41 
43 
34 
35 

North  Sutton 

Plymouth 

45 
52 
60 
52 
54 

—  7 
0 

—14 

—  4 
—12 

Shaker  Village 

Stratford 

Walpole 

West  Milan 

New  Jersey : 

Allaire 

Asbury  Park 

56 
52 

59 
60 
59 

58 
58 
58 
58 
57 
59 
57 
58 
56 

16 

19 

17 

24 

22 

21 

17 

16 

9 

9 

15 

17 

1 

1R 

Atlantic  City 

Beverly 

Billingsport  L.  H 

Bridgeton 

Cape  May  C.  H 

Egg  Harbor  City 

Freehold 

Gillette 

Hanover 

Hiffhland  Park 

77 

29 

Imlaystown • 

Jersey  City 

•68 
78 
76 
79 

33 
33 

27 

28 

Lambertville 

liOcktown 

57  13 

58  12 

Madison 

BfiPOBt  Of  taS  CEtlEf  BtQ^AL  OFFICEB. 
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Annual  Banob  or  Tbmpbraturbs  for  1889,  BTa—Contlnnod. 


JaDe. ' 

Jaly. 

Angast. 

September. 

October. 

Noyember. 

December. 

• 

• 
p 

• 

M 

• 
a 

i 

• 
a 

•*4 

• 

8 

• 

• 

8 

• 
.9 

• 

s 

• 
a 

i 

• 
p 

*9* 

% 

a 

S 

S 

s 

» 

S 

s 

S 

^ 

S 

a 

S 

:^ 

^ 

o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

98 

36 

100 

42 

93 

41 

90 

33 

86 

24 

69 

20 

57 

4 

'  99 

116 

57 

108 

48 

94 

40 

90 

29 

56 

14 

54 

—  7 

"ios* 

100 

"si" 

60 

•  •  •  • 

'iio* 

'"eo* 

"163' 

""50* 

"'88' 

"29* 

"86* 

"25" 

"58' 

"if 

"58* 

—'5' 

132 

96 
89 

98 

36 
37 
49 

104 

94 

102 

48 
49 
57 

98 

89 

100 

42 
41 
50 

89 

78 

14 

61 

8 

'"'77' 

88 

"29' 
34 

•  •  •  • 

"78* 

"28' 

"60* 

"19" 

"55" 

■■■3' 

•  •  •  • 

*  »  •  • 

92 
83 

38 
32 

100 
90 
103 
109 
104 

45 
40 
52 
57 
60 

91 
73 
90 
97 
88 

35 
21 
30 
35 
38 

65 
50 
64 

16 
13 
13 

52 

—  7 

"89* 

98 

103 

102 

"35' 
42 
52 
50 

•  *  •  • 

"86* 
90 
84 

"21' 

26 
35 

"51" 
56 
52 

11 

—  2 

•  •  •  • 

102 
97 

"45' 

50 

*  •  •  V 

65" 

"26" 

114 

96 

50 

103 

56 

102 

62 

88 

32 

82 

28 

58 

12 

48 

-10 

113 

88 

30 

98 

37 

94 

36 

80 

25 

81 

20 

56 

12 

48 

—11 

•  •  •  • 

95 

50 

105 

57 

98 

48 

93 

37 

85 

28 

62 

21 

47 

—  3 

•  •  •  • 

89 
97 

45 
62 

96 
106 

52 
65 

85 
93 

38 
38 

85 
85 

28 
28 

59 
65 

27 

18 

47 
58 

11 

8 

'id2' 

"so' 

•  4  •  « 
m  m  mm 

102 

50 

105 

52 

102 

60 

95 

20 

78 

22 

50 

—12 

•  •  ■  • 

■'93" 

"41' 

"m 

"'47' 

"97' 

■46' 

"87" 

"29" 

"87* 

"ai" 

"eo' 

"'ii' 

"52' 

—  8' 

*  •  •  * 

116 

92 

48 

102 

60 

97 

43 

86 

40 

79 

30 

53 

15 

50 

—  4 

116 

90 

28 

97 

33 

87 

35 

83 

26 

65 

6 

54 

1 

49 

—19 

•  •  •  • 

91 

31 

92 

57 

86 

49 

88 

40 

66 

19 

58 

0 

M9 

—16" 

122 

86 

44 

85 

51 

82 

46 

H2 

3; 

71 

17 

66 

16 

58 

0 

106 

86 

40 

89 

48 

81 

44 

78 

36 

64 

15 

57 

12 

51 

—  6 

114 

68 
85 

41 
43 

88 
85 

33 

38 

68 
71 

13 
22 

59 
65 

4 

18 

^ 

—  8 
4 

'"&6 

"42" 

"sf" 

"52" 

"103 

87 

41 

86 

48 

84 

44 

84 

35 

71 

21 

64 

16 

61 

3 

104 

88 

42 

87 

51 

84 

45 

88 

36 

65 

22 

62 

17 

57 

4 

106 

91 

41 

88 

50 

86 

44 

85 

36 

T3 

20 

65 

15 

62 

4 

103 

»6 

39 

86 

46 

84 

40 

64 

36 

60 

23 

67 

17 

62 

4 

•  *  •  « 

87 
86 

40 
42 

84 
84 

38 

41 

81 
85 

25 
34 

64 
63 

11 
16 

56 
60 

7 
13 

88 

"37' 

"54' 

11 's' 

*  IB  V  tf 

"94 

"55 
35 

"92' 

54 
42 

■"86* 

45 
40 

""is' 

40 
36 

65 
66 

17 
11 

1 
—  3 

"58* 

"ie" 

"53' 

120 

90 

40 

84 

47 

81 

43 

81 

32 

63 

21 

60 

15 

61 

—  2 

100 

96 

34 

96 

40 

91 

42 

90 

32 

67 

12 

65 

13 

56 

-  8 

124 

86 

40 

84 

49 

82 

47 

78 

34 

62 

15 

62 

13 

57 

—  4 

104 

87 

30 

86 

40 

82 

36 

84 

31 

67 

8 

63 

18 

50 

—22 

138 

89 

39 

88 

52 

90 

50 

89 

35 

74 

29 

68 

18 

68 

19 

•  a  ■  • 

87 

48 

93 

55 

90 

52 

80 

43 

70 

34 

62 

22 

65 

21 

92 

88 

50 

88 

56 

84 

57 

82 

45 

71 

37 

64 

25 

68 

22 

87 

91 

48 

90 

58 

91 

52 

88 

41 

82 

32 

67 

21 

71 

15 

90 

92 

57 

92 

64 

90 

58 

86 

47 

78 

35 

60 

26 

62 

90 

88 

89 

59 

92 

67 

89 

63 

85 

48 

78 

37 

65 

28 

67 

24 

86 

87 

50 

90 

57 

87 

56 

89 

46 

75 

36 

69 

25 

69 

24 

85 

88 

47 

89 

51 

88 

50 

83 

40 

80 

32 

66 

19 

69 

19 

90 

88 

37 

88 

52 

66 

52 

86 

41 

75 

30 

66 

20 

66 

15 

90 

91 

40 

93 

51 

88 

49 

87 

40 

72 

25 

65 

17 

65 

9 

95 

89 

42 

89 

48 

85 

46 

83 

34 

68 

23 

60 

13 

63 

8 

•  •  •  • 

88 

46 

89 

54 

87 

52 

87 

41 

73 

31 

66 

20 

67 

10 

89 

91 

48 

91 

55 

89 

52 

89 

42 

78 

32 

65 

22 

64 

16 

•  *  •  • 

<i94 
89 

50 
54 

J89 
86 

54 
54 

i84 
88 

46 
43 

73 
75 

33 
33 

64 
64 

29 

28 

64 
68 

14 
18 

■  V  V  ■ 

"w' 

"ho' 

87 

89 

49 

94 

53 

89 

50 

85 

39 

76 

31 

63 

20 

67 

13 

97 

90 

41 

90 

51 

90 

50 

90 

39 

74 

27 

64 

17 

66 

10 

98 

492 


BEPORT  OF  THE  CHIEF  SIGNAL  OFFICER. 


Tabus  ov  Maximum  akd  ICikimum  Tkmpbraturss  axv 


January. 

Febniary. 

March. 

ApriL 

May. 

Stations. 

1 

• 
a 

MM 

• 

1 

a 

i 

• 

a 

• 

1 

0 

77 
79 
76 
78 
79 
71 
80 
77 
80 
76 
79 
78 
76 
77 
83 
84 
79 
76 
«78 

84 

80 
89 
85 
78 
96 
77 
77 
76 
77 
81 

• 

0 

i 

• 

0 

3 
0 

38 
42 
41 
36 

New  Jeney— Continoed. 

o 

58 
56 
58 
59 
58 
52 
58 
65 
58 
58 
59 
58 
59 
58 
67 
56 
60 
56 

o 

19 
17 
18 
15 
15 
29 
20 
14 
13 
16 
18 
16 
16 
14 
8 
16 
18 
15 

0 

45' 
48 
47 
52 
51 
45 
52 
51 
57 
46 
..... 
48 
49 
48 
55 
52 
49 
46 

o 

0 
5 
5 
0 
0 
2 
4 
1 

—  1 
0 
0 
2 
2 
0 
0 
0 

—  2 
0 

o 

63 
63 
62 
64 
64 
50 
67 
64 
65 
62 
64 
60 
64 
63 
70 
66 
65 
61 

0 

25 
26 
28 
25 
24 
28 
27 
19 
23 
24 
24 
26 
24 
22 
19 
20 
27 
25 

0 

30 
35 
35 
29 
28 
34 
37 
36 
27 
28 
31 
34 
30 

:^ 

25 
28 
34 
32 
34 

33 
25 
43 
32 
24 
41 
25 
25 
19 
26 
38 

0 

89 
H8 
87 
89 

Newark 

New  Brans wiok  (1) 

New  Branswick  (2) 

New  Branswick  (3) 

Ocean  City. ...... ...... 

88 
91 
89 
91 
90 
90 
86 

46 
40 
44 
36 
38 
40 
46 

Oceanic 

Paterson....* 

Plainfield 

Princeton 

Rancocas  ........ ...... 

Readinirton  ............ 

Somemile.  ............ 

Soath  Oranffe 

90 
94 
90 
90 
88 
90 

89 
93 
100 
88 
88 
99 
86 
83 
75 
80 
87 

38 
35 
% 
40 
44 
42 

34 

28 
55 
30 
29 

Tenafly 

Tom's  Kiver 

Trenton...... ...... .... 

Union 

Woodbnry.  .....••....• 

New  Mexico : 

Albnanerane  ....... .... 

Coolidg^e 

M5 
60 
70 

—12 

22 

6 

52 

70 
67 

—19 
12 
10 

68 
83 
77 

24 

80 
25 

Peminir 

Fort  Bayard 

Fort  Maroy ............. 

Fort  Seldon 

'72 

24 

63 

30 

Fort  Stahton  (1) 

28 

Fort  Stanton  (2) 

Fort  Union 

54 

58 
48 
52 

5 
—10 
—  1 

8 

57 

58 
46 
59 

13 

7 

—  7 

13 

72 

68 
66 
70 

20 

"is" 

29 

32 
21 

27 
41 

Fort  Winffate 

Gallinas  Spring 

Hillsboroagh 

Las  Vegas 

54 
61 
61 

— U 

1 

20 

58 
67 
69 

0 

8 

14 

70 
80 
67 

14 
28 
37 

79 
91 
94 
•92 
75 

80 

*78 
82 

24 
30 
40 
44 
26 

30 
22 
21 

83 
99 
97 
92 
80 

92 

89 
89 
90 
89 
87 

81 
35 
62 
42 
32 

36 
26 
26 
26 
45 
31 

Lava................... 

Lordsbnrg    ..,.-. ...... 

Los  Lnnas.... 

Santa  F^ 

46 
62 

0 
6 

50 
43 

—  1 

—  6 

66 
65 

20 
19 

New  York : 

Albany. .......... ...... 

A]fr6d  Centw  x  -  ^ , , . . . . 

Angelica , 

Arcade.  ...••• 

49 

—  2 

38 

—22 

59 

10 

Ardenia 

62 
54 
50 
55 
55 
48 

57 
45 
54 
52 
45 
51 
57 

14 

2 

—10 

10 
8 

—  5 

14 

—  4 
4 

11 

10 

6 

—  2 
2 

48 

5 

64 

25 

77 

36 

Anbnrn 

Barnes'  Corners  ........ 

41 
47 

48 
40 

49 
40 
41 
50 
44 
•41 
43 

—34 

—  2 
—10 
-35 

1 
—25 
—15 

—  1 
2 

—  7 
—13 

—  4 

44 

68 
54 

48 

61 
47 
55 

"45' 

•57 

60 

—  3 
23 
14 
10 

25 
6 
17 
21 
18 
19 
18 
18 

75 
80 
74 
81 

78 
75 
76 

•74 
75 
74 
80 

«72 

22 
31 
28 
23 

34 
15 
29 
23 
32 
30 
23 
96 

Boyd's  Comers ......... 

93 

89 
90 

91 
89 
86 
90 
92 
90 
89 
94 

43 
34 
34 

42 
34 
35 
36 

31 
39 
31 
28 

Buffalo 

Canton 

Central  Park  (New  York 
City) 

Constableville - .  - . . 

Cooperstown .  ••.••• .... 

Davids  Island 

Eden 

Elmira 

Factoryville. .  .......... 

Fleming 
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Ahnual  Rakob  or  Tkmpbbatures  for  1889,  ktc.— Continaed. 


Jnne. 

Joly. 

August. 

September. 

October. 

NoYember.  December. 

1 

• 

B 

9t 

• 

1 

• 
a 

a 

• 

• 

• 

• 

1 

• 

i 

. 
a 

• 

• 

1 

o 

o 

o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

c 

88 

50 

92 

57 

85 

54 

84 

44 

79 

32 

66 

23 

65 

16 

92 

89 

52 

88 

69 

87 

55 

81 

45 

71 

32 

66 

25 

65 

12 

84 

87 

62 

87 

61 

85 

55 

84 

47 

72 

33 

65 

27 

65 

15 

82 

87 

47 

88 

54 

H6 

54 

86 

43 

72 

81 

65 

21 

68 

12 

89 

87 
88 

46 
50 

88 
91 

54 
62 

86 
89 

52 
65 

83 

41 
50 

71 
73 

30 
35 

67 
60 

12 
22 

"'64* 

"27" 

•89 

91 

52 

93 

59 

95 

58 

85 

45 

75 

39 

66 

25 

67 

22 

91 

89 
90 

55 
41 

9  V  W  A  • 

92 

"55" 

'"91' 

"'si' 

■96' 

"38' 

"76' 

■29' 

"65" 

"is^ 

■'68' 

"'s' 

•  •  •  # 

93 

91 

89 
90 

48 
53 
60 

91 

•90 
96 

55 
60 
64 

85 

46 

72 
75 
72 

31 
32 
36 

64 
65 
72 

24 
23 
26 

65 
68 
70 

13 
15 
20 

"89" 
88 

■"66" 
62 

88 

"50' 

■"94 

88 
91 

'"46' 
41 

"96' 
93 

"53' 

48 

■"86' 
88 

""si" 
45 

72 
75 

■'31' 
29 

"65* 
74 

"'20-' 
13 

"ct' 
68 

•  V  A  •  • 

12 

10 

•  •  •  • 

89 

■37' 

■■94 

89 
90 

42 
55 

88 
92 

53 
64 

88 
90 

42 

68 

74 

75 

30 
38 

88 

'"46' 

"ei" 

"36' 

"69' 

""ie" 

■"94 

86 

55 

»6 

57 

86 

55 

81 

45 

72 

32 

64 

22 

65 

12 

88 

88 

50 

92 

61 

90 

56 

86 

44 

81 

34 

66 

26 

67 

20 

•  ••  • 

95 

47 

100 

58 

96 

57 

89 

35 

85 

29 

64 

17 

66 

10 

•  •  •  * 

100 
104 

80 
60 

100 
110 

48 
70 

97 
109 

46 
74 

93 
100 

25 

48 

83 

86 

17 
40 

60 
76 

6 
30 

"'72' 

■26' 

"*98 

92 

43 

95 

56 

95 

51 

B9 

37 

85 

30 

72 

18 

17 

89 

90 

40 

94 

50 

91 

52 

87 

27 

82 

25 

61 

9 

"ei' 

—  3 

s  •  •  « 

106 

43 

109 

67 

108 

56 

104 

89 

93 

29 

77 

17 

77 

—  9 

«  •  «  • 

90 

36 

93 

48 

91 

46 

88 

32 

82 

22 

67 

8 

70 

4 

»  •  •  « 

91 

87 

92 

50 

90 

46 

86 

33 

79 

23 

66 

10 

68 

5 

87 

^ 

85 

90 

42 

81 

42 

81 

24 

76 

20 

58 

8 

59 

1 

«  «  •  • 

88 
94 

38 
52 

"95' 

53 

60 

»85 
93 

50 
60 

70 
64 

2 
12 

66 
68 

3 

17 

"■'89* 

"37' 

'si' 

"35' 

•  tt  ■  9 

87 

k93 

46 

100 

57 

95 

55 

91 

39 

81 

32 

70 

14 

69 

17 

a  «  •  • 

9ft 

36 

97 

48 

97 

58 

89 

28 

85 

80 

60 

6 

65 

—  6 

108 

108 

43 

104 

58 

101 

55 

100 

40 

85 

28 

68 

10 

70 

12 

103 

96 

64 

105 

70 

105 

74 

95 

46 

85 

45 

70 

28 

74 

25 

91 

96 

52 

101 

56 

104 

50 

96 

41 

94 

42 

68 

26 

71 

20 

•  •  •  • 

86 

87 

90 

52 

88 

54 

83 

29 

78 

28 

60 

18 

59 

10 

91 

88 

47 

89 

54 

88 

51 

86 

42 

71 

28 

62 

20 

66 

6 

97 

82 

41 

86 

45 

80 

42 

80 

34 

62 

19 

58 

14 

57 

6 

■  »  a  • 

83 

89 

88 

44 

81 

38 

84 

30 

02 

12 

59 

S 

58 

5 

111 

84 
86 

36 
55 

91 

88 

42 

61 

84 
85 

40 
57 

""83" 

■"48" 

69 

29 

63 

■*25' 

■'66' 

■■■9' 

"'84 

82 

41 

88 

52 

82 

49 

80 

39 

68 

23 

68 

24 

67 

5 

«  « <■  • 

93 

"56' 

"96' 

"ei' 

"96' 

""55' 

'""86" 

"ii" 

■73' 

"36' 

'"^' 

"24" 

""66' 

...^. 

•  «  •  « 

95 

83 

45 

88 

54 

84 

51 

86 

41 

62 

26 

65 

20 

57 

12 

99 

85 

38 

92 

50 

«»79 

47 

84 

84 

65 

16 

62 

18 

49 

—  6 

127 

91 

52 

89 

58 

84 

47 

82 

46 

73 

32 

63 

25 

64 

13 

90 

84 
82 

44 

45 

88 
&5 

50 
53 

83 
80 

33 
36 

60 
65 

15 
19 

57 
57 

10 
14 

50 
55 

0 
3 

■"so" 

■"56' 

*  *  ■  • 

101 

86 

41 

90 

51 

85 

53 

83 

42 

71 

34 

63 

22 

66 

11 

«* « • 

82 

46 

90 

56 

84 

54 

90 

44 

59 

36 

63 

18 

60 

10 

90 

89 

60 

90 

53 

«5 

48 

84 

40 

67 

19 

61 

16 

62 

8 

97 

83 

41 

88 

45 

84 

41 

83 

34 

68 

16 

60 

15 

61 

6 

102 

87 

46 

92 

52 

95 

52 

98 

44 

72 

26 

59 

16 

57 

0 

•  ••• 
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BEPORT  OF  THE   CHIEF  8IGKAL  OFFICES. 


TaBLB  of  HaXIMUM  AlfD  HiKIMTTM  TSMPKRATUBaS  iLin> 


January. 

Febmary. 

ICaroh. 

April. 

May. 

stations. 

• 

o 

55 
54 
48 
50 
54 
56 
48 
50 
50 

• 
a 

• 

• 
a 

:^ 

0 

1 

2 

—  6 
—11 

0 

1 

—18 

—12 

—  9 

• 

• 

a 

i 

• 

n 

• 

» 

3 

New  Tork— Continned. 

Fort  Colnmbns 

o 

17 

17 

10 

4 

16 

16 

4 

8 

9 

c 

49 
47 
46 
44 
49 
50 
40 
43 
40 

0 

60 
61 
55 
55 
61 
65 
71 

a5 

54 

0 

25 
26 
20 
15 
24 
24 
16 
17 
14 

0 

73 
74 

78 
75 
71 
79 
76 
80 
76 

0 

34 
33 
27 
27 
34 
29 
26 
23 
30 

0 

86 
86 
87 
89 
81 
92 
91 
96 
86 

0 

40 
40 
35 
35 
40 
38 
28 
32 
39 

Fort  Hamilton 

Fort  NiaflrarA ........... 

Fort  Porter 

Fort  Schuyler 

•Fort  Wadsworth 

Friendship 

Geneva  

Hess  Road  Stotion 

Honey  mead  Brook 

Humphrey 

47 
58 
58 
»65 
50 
54 
54 
51 
61 

5 
5 
0 
1 
3 

—  1 
4 

—  9 

—  J9 
8 

17 

—  8 

—  2 

—  8 
1 

—  6 
6 
6 
1 
0 

—  6 
—10 

4 

38 
41 
44 
46 
44 
45 
41 
44 
52 

"56' 
44 
48 
40 
42 
40 
42 

"42* 
48 

48 

"45' 

16 
—20 
—12 

—  4 

—  9 
—24 

—  3 
—26 
—22 
—14 

2 
—30 
-22 
—27 

—  5 

—  9 

—  9 

—  4 
—14 
—20 
—26 
—26 

—  9 

57 
60 
60 
62 
60 
52 
61 
57 
62 

""62* 
75 
60 
51 
58 
50 
66 

"'60* 
52 
46 

'"ei' 

16 

17 
18 
16 
15 
12 
19 
10 

7 
14 
25 

8 
10 

5 
20 
13 
18 
14 
14 
14 
12 
16 
17 

80 
83 
80 
82 
85 

25 
22 
26 
20 
25 

89 
93 
92 
97 
92 
96 
91 
92 
94 

35 
28 
34 
29 
27 
32 
35 
34 
21 
38 
40 
34 
36 
26 

Ilion 

Ithaoa  

Kingston  ...•. 

Le  Roy 

Lowville 

Lyons 

83 
84 
84 

28 
23 
12 

liadison  Barracks 

Middlebnrgh 

Kewfane  Station 

New  York  City 

58 
52 
50 
50 
53 
52 
48 

80 
82 
80 
73 
82 
83 
88 

"so 

75 

84 

"85' 

34 
24 
25 

13 
28 
23 
32 
30 
28 
19 
24 
32 
28 

87 
94 
90 
88 
90 
89 
94 

"89" 
92 
90 

92 
93 

89 
91 
93 
88 

•  »  •  •  • 

90 

84 

•84 

Nineveh 

North  Hammond 

Number  Four 

Osweiro 

1 
35  ! 

Palermo 

Palm  vra 

20 
42 
38 
30 
39 
40 
40 
31 

Pendleton  Centre 

Perry  City 

49 
54 
45 

Plattsbnrgh  Barracks... 
Potsdam 

Qneensbnry 

Rochester 

49 

Rome ..... 

28 

Salem  ..-.. 

59 
46 
55 

58 

—  1 
—12 
5 
16 
8 
8 
4 

•45 
45 
43 
54 

"48' 
45 

—24 
—34 
—13 
5 
—14 
—12 
—14 

59 
53 
60 
60 

""eo" 
"1152* 

9 
6 
11 
26 
10 
14 
20 
—  4 

78 

83 

74 

'83' 

23 
14 
22 

35 
30 
28 
30 

31 

Saranao  Lake 

30 

Savona 

30  • 

Setanket 

42  ■ 

Somerset 

40  i 

South  Canisteo 

56 
53 

36  i 

South  Kortright 

Tannersville 

32 
32 

Turin 

Utica 

60 
54 
58 
60 
56 
54 

60 
70 
70 

6 
3 
2 
8 
10 
11 

13 
20 
22. 

40 
44 
44 

50 
46 
46 

70 
68 
69 

—23 

—  8 
—12 

—  4 

—  4 
1 

6 
10 
13 

60 
63 
61 
62 
62 
62 

73 
74 
75 

14 
21 
16 
20 
26 
27 

21 
27 
28 

84 
80 
80 
76 
74 
76 

83 

'90 

86 

24 

27 
28 
24 
38 
33 

28 
33 
38 

95 

92 
92 
88 
84 
88 

90 
97 
95 

26 
32 
32 

Watervliet  Arsenal 

Wedgewood 

West  Point 

35  ' 

White  Plains 

45  . 

Wiilets  Point 

41 

30 
38 

38 

North  Carolina : 

Asheville 

Chapel  Hill 

Charlotte 

Clear  Creek 

Favetteville 

90 

44 

98 

52 

Franklin 

Goldsborouflrh  ••••...... 

95 
94 

44 
44 

Grover 
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AiTNUAL  Rahob  of  Tbbcpeiutubbs  for  1889,  XTC— Continued. 


Jane. 

Jnly. 

Angost. 

September. 

October. 

November. 

December. 

• 

p 

3 

• 

• 

i 

• 

s 

• 

a 

• 

• 

• 

1 

• 
a 

• 

1 

• 
a 

a 
0 

62 
67 
61 
55 
61 
66 

• 

1 

• 

1 

0 

87 
85 
88 
80 
84 
89 
82 
88 
80 
87 
82 
90 
88 
94 

o 

40 
62 
47 
45 
49 
49 
46 
43 
47 
38 
46 
34 
42 
38 

c 

91 
87 
93 
88 
88 
92 
88 
95 
91 
88 
87 
90 
92 
95 

o 

56 
62 
56 
51 
57 
54 
50 
48 
42 
48 
53 
47 
50 
44 

o 

87 
85 
84 
85 
84 
87 
86 
90 
85 
87 
87 
85 
86 
95 

o 

56 
57 
52 
52 
54 
54 
40 
47 
45 
44 
48 
43 
48 
40 

c 

83 
79 
90 
86 
80 
83 

0 

49 
48 
42 
39 
47 
45 

0 

72 
73 
70 
64 
70 
75 

c 

36 
35 
25 
24 
26 
33 

0 

63 
68 
65 
59 
64 
64 

0 

27 
22 
23 
19 
17 
21 

0 

15 
14 
15 
10 
13 
15 

0 

90 
85 
99 
100 
88 
91 

k86 
68 
86 
89 
86 
84 
92 

43 
83 
36 
37 
33 
38 
34 

71 
66 
71 
81 
72 
68 
74 

18 
19 
18 
25 
18 
18 
20 

61 
62 
63 
60 
58 
i60 
62 

19 
18 
11 
19 
14 
14 
13 

62 
57 
63 
64 
59 
60 
64 

9 
10 
3 
7 
9 
4 
5 

108 
100 

•  M  •  « 

105 
113 
104 
101 

84 
87 
84 
91 

88 
88 
86 
83 
88 
86 
84 

"85' 
85 
83 

"'81' 
89 

40 
46 
41 
29 
46 
53 
48 
60 
30 
43 
42 
50 
50 
46 
42 
50 
53 
44 
33 

92 
90 
91 

88 
90 
94 
84 
87 
87 
92 

"n 

86 
89 
80 
88 
89 

53 
36 
44 
64 
60 
56 
57 
40 
52 
47 
60 
60 
50 
50 
52 
60 
52 
52 

86 
84 
88 

50 
33 
44 

84 
90 
88 

40 
35 
36 
44 
46 
38 
42 
27 
42 
31 
40 
45 
34 
35 
38 
35 
39 
32 

68 
69 
75 

22 

14 
17 

70 
62 
60 

22 

2 

16 

62 
57 
64 

10 

—  3 

2 

95 
118 
116 

90 
90 
88 
80 
86 
84 
87 

"85" 
86 

56 
50 
55 
38 
51 
41 
53 
57 
47 
45 

85 
90 
90 
80 
84 
83 
88 

"'85* 
83 
87 

"'88* 
88 

73 
92 
67 
60 
67 
67 
65 
60 
69 
62 
64 

35 
16 
16 
15 
24 
20 
18 
28 
13 
18 
20 

65 
82 
56 
55 
63 
60 
64 

"eo" 

60 
61 
56 
63 
57 

27 
12 
15 
5 
20 
15 
20 
22 
12 
14 
14 
15 
20 
16 

65 
78 
56 
50 
60 
50 
63. 

"58" 
55 
53 
65 
61 
68 

13 
8 

—  5 

—  5 
6 
2 

16 
11 

—  3 

—  6 
-8 

0 

14 

8 

88 
124 
116 
115 
95 
98 
103 

"165 
112 

"85* 
83 

51 
49 
45 

67 
65 

23 

20 

101 

•  «  •  • 

86 
89 
84 

""'87' 

"'so' 

36 
42 
50 
48 
48 
44 
34 

83 
92 

86 
86 
86 

"so' 

45 
43 
58 
62 
53 
50 
40 

83 

«86 

83 

"si" 
"so" 

41 
40 
56 
58 
46 
44 
36 
53 
42 
49 
51 
46 
56 
53 

50 

84 
85 
81 

32 
32 

48 

60 
68 
70 

12 
14 
37 

61 
59 
64 

13 
12 
25 

52 

-8 

125 

64 

17 

83 

82 

"'78* 

"91" 
S3 
86 
84 
78 
81 

82 

35 
33 
33 
44 
32 
37 
40 
40 
44 
45 

36 

65 

*'66' 

"69" 
65 
66 
?2 
70 
73 

78 
86 
82 
78 

18 
19 
16 
20 
18 
19 
24 
24 
34 
35 

27 
34 
34 
34 

58 

14 
15 

59 

7 
6 

102 

mm  ■  a  • 

61 
63 
60 
64 
62 
63 

72 

81 
77 
70 

14 
15 
18 
18 
12 
24 
23 

15 
23 
SI 
18 

J59 
62 
64 
60 
60 
66 
66 

72 
76 
76 
73 

3 
7 
5 
7 
4 
10 
15 

16 
23 

27 
18 

96 
86 
85 
88 
83 
86 

90 

30 
41 
44 
42 
56 
48 

37 

100 
88 
93 
89 
85 
86 

91 

48 
51 
52 
50 
58 
58 

57 

88 
86 
86 
88 
80 
84 

83 

a  •  •  • 

123 

100 
105 

93 
•89 

87 

85 

94 

45 

96 

64 

90 
84 

86 
90 
84 

68 
60 
63 
53 
53 
60 

89 
84 

""si" 

88 

45 
44 
5.1 
33 
46 
46 

83 

60 

69 
53 
62 
64 

«  •  •  • 

90 
98 

70 
83 

20t 
36 

70 
82 

11 
27 

72 

12 

94 

54 
46 

•  ••« 
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BEPOBT  OF  THE  CHIBF  SIGNAL  OFFICER. 


Table  of  Maximum  and  Mhomum  Tsmpbratubbs  axd 


January. 

Febraaiy. 

March. 

April. 

May. 

Stations. 

^ 

• 
.S 

• 

1 

• 

a 

i 

• 

9 

• 

1 

o 
69 

• 

a 

i 

0 

38 

8 

a 

• 

a 

s 

North  Carolina--Continaed. 
Hatteras  ..-.- 

o 
65 

o 
32 

o 
67 

o 
22 

o 
63 

o 
35 

o 
84 

0 
52 

Highlands 

Hot  SDriocrs ...... ...... 

60 
70 
60 

17 
29 
14 

69 
69 
62 

11 

18 

8 

76 
74 
67 

27 
30 
27 

85 
82 
85 

31 
41 
30 

88 
94 
89 
97 
93 
94 

33 
46 
35 
40 
41 

Kittv  Hawlc 

Lenoir ...... 

Lumhertou 

Monroe 

68 

22 

67 
»65 

10 
21 

73 
77 

28 
30 

85 

88 
86 
88 

36 
32 

Moriranton -- 

37 

Mount  Airy 

34 
34 

45 

Monnt  Pleasant 

69 
79 

17 

20 

66 
68 

10 
13 

74 
77 

23 
27 

32 

94 
91 

New  Berne 

Pittsborongh 

Raleieh(l) , 

67 
68 
67 

17 
13 
20 

73 
74 
69 

30 
27 
32 
26 
36 
29 
28 

91 
89 
85 

"91 ' 
73 
86 

38 
32 
41 
84 
39 
40 
36 

95 
94 
93 
^98 
98 
87 
92 
96 
93 
92 
95 
98 
97 

46 
40 
45 
34 
47 
44 

Raieiifh(2) 

68 
67 

21 
30 

Salisbury  .............. 

Soapstone  Monnt ....... 

Southern  Pines 

72 
61 
67 

20 
20 
12 

76 
70 
72 

Southnort .............. 

65 
64 

26 
20 

StatesyiUe 

36  « 

Wadesboroogh 

S; 

Wake  Forest 

66 

"71 

66 

11 
28 
11 

72 

25 

88 
88 
88 

32 
40 
32 

37 
53 
39 
35 

45 

Washinffton 

Weldon(l) 

68 

17 

74 

24 

Weidon(2} 

Wilmington 

69 

29 

67 

20 

72 

33 

86 

42 

Winslow 

North  Dal^ota: 

Bismaxok 

46 

-18 

48 

—34 

69 
77 
68 
67 
78 
72 
70 
71 
70 
72 
66 

4 

—  4 
-2 

2 

—  3 

—  3 

—  8 

—  3 
5 
5 

—  6 

85 
87 
83 
83 
81 
76 
74 
84 
87 
81 
84 

20 
17 
21 
21 
12 
15 
11 
19 
26 
20 
16 

81 
85 
91 
80 
78 
76 
83 
82 
84 
85 
82 

22 
23 
21 
24 
21 
27 
23 
29 
23 
20 
28 

Carrinirton ............. 

Dayenport ............. 

42 
44 

46 
45 
51 
45 
45 
53 
44 

—30 
—19 
—20 
—18 
—27 
—25 
—17 
—15 
-32 

40 
47 
51 
51 
36 
46 
46 
52 
40 

—38 
—30 
—34 
—32 
—43 
-36 
—26 
—25 
—44 

Fort  Abraham  Lincoln .. 
Fort  Bufoia  (1) 

Fort  Buford  (2) 

Fort  Pembina  .......... 

FortTotten 

Fort  Yates  (1) 

Fort  Yates  (2) 

Gallatin 

Napoleon 

New  England  City 

Steele 

89 

—25 

43 

-33 

66 

0 

85 
87 

19 
10 

80 
84 

20' 
16 

Wahoeton. ............. 

..... 

1 

Ohio: 

Akron ...... ............ 

54 

13 

54 

—  5 

68 

18 

80 

22 

88 

1 
33 

Ashland ................ 

Athens ................. 

58 
54 

15 

7 

63 
56 

3 
—  6 

74 
70 

20 
14 

83 
79 

24 

15 

89 
90 
192 
90 

30 
32 
40 
30 

BaniForyille  ............ 

Beallsyille 

Belleyue  ............... 

54 

12 

50 

—  3 

70 

20 

80 

24 

Bement  ......    ......... 

Canton ................. 

58 

3 

54 

—  4 

69 

20 
22 
20 
25 
20 
22 
26 
18 

81 

"eo" 

83 
83 
83 
82 
82 

20 
25 
22 
25 
25 
25 
25 
20 

90 

"91" 
90 

•89 
89 
92 
91 

32 
38 
33 
38 
33 
34 
40 

33 

Carrollton 

Celiiia 

58 
58 
55 
57 
50 

56 

13 
19 
13 
13 
16 
15 

61 
68 
47 
56 
66 
65 

—  1 
6 

—  7 

—  7 
5 
8 

74 
76 
64 
64 
77 
74 

Cincinnati  ............. 

Cleyeland  (1) 

Cleyeland  (2) 

ColleireHill 

ClarksviUe 
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▲hnuai.  Bavob  of  Tempbratubbs  fob  1889,  BTC.— Continaed. 


Jane. 

July. 

Angust. 

Repteinber. 

October, 

November. 

December. 

i 

• 

• 

i 

• 

• 

1 

• 

a 

i 

o 

• 

• 

a 

i 

• 

• 

1 

i 

• 
a 

1 

o 

o 

C 

o 

o 

o 

0 

o 

o 

o 

o 

o 

o 

o 

84 

58 

87 

67 

84 

67 

83 

57 

78 

46 

74 

35 

69 

38 

65 

82 

32 

77 

44 

82 

46 

79 

30 

74 

80 

64 

8 

64 

8 

•  V  •  » 

87 

40 

90 

60 

84 

53 

86 

41 

77 

26 

70 

21 

72 

22 

79 

98 
84 

54 
43 

100 
87 

61 
63 

•96 
82 

62 
56 

77 
71 

30 
23 

71 
70 

32 

19 

8:{ 

40 

77 

30 

81 

96 
94 

50 
51 

98 
93 

62 
66 

70 
86 

58 
57 

90 
86 

44 
44 

84 
82 

32 
34 

82 

78 

20 
22 

m  m  m  m   • 

•  •  •  « 

90 
90 

51 
44 

93 
95 

65 
57 

89 
87 

55 
52 

88 
87 

40 
35 

76 

80 

26 
26 

72 

74 

20 
21 

72 

14 

•  *  *  V 

92 

45 

94 

62 

89 

56 

88 

38 

82 

29 

80 

19 

76 

20 

84 

92 

50 

94 

58 

90 

58 

86 

42 

82 

32 

78 

24 

78 

26 

•  *  «  • 

92 

62 

86 
91 
90 

57 
60 
56 

85 
90 
87 

40 
47 
42 

79 
85 
82 

34 
36 
34 

74 
83 
80 

27 
25 
24 

73 

77 
75 

20 
27 
25 

94 
93 

54 

49 

95 

62 

82 

91 

52 

94 

71 

87 

6:) 

87 

46 

78 

36 

73 

24 

72 

29 

74 

*92 

50 

64 

58 

40 

34 

18 

20 

*  •  «  • 

98 
87 

6U 
58 

«96 
86 

48 
48 

82 
81 

42 

40 

79 
75 

36 
26 

75 

70 

37 
32 

91 

66 

87 

61 

71 

91 
94 

45 

46 

•  •  •  •  * 

93 
96 

66 
64 

66 
66 

56 
60 

66 

88 

42 

44 

64 

84 

76 

22 

68 
94 

63 
50 

90 
96 

70 
59 

66 
90 

"67' 
.'>9 

74 
74 

26 
20 

67 

42 

61 

32 

76 

"  24 

85 

94 
93 

42 

56 

96 
94 

54 
66 

90 
87 

55 
63 

87 

46 

63 

37 

76 

27 

76 

30 

77 

67 
102 

56 
44 

65 
93 

40 
26 

62 
86 

33 
23 

79 
63 

25 
—12 

76 
42 

22 

—  6 

97 

42 

95 

46 

136 

97 
92 

40 
36 

101 
96 

45 
40 

99 
95 

40 
36 

95 

31 

73 

19 

56 

—  5 

44 

—  7 

134 

96 

42 

96 

46 

104 

48 

96 

2(> 

83 

23 

64 

—12 

44 

—  8 

134 

104 

37 

101 

41 

99 

42 

87 

25 

88 

15 

61 

—28 

44 

—11 

136 

101 

38 

96 

41 

99 

42 

67 

26 

89 

15 

61 

—26 

44 

—12 

133 

96 

35 

97 

37 

97 

33 

96 

26 

76 

10 

63 

—  8 

40 

—20 

140 

95 

42 

96 

37 

97 

46 

98 

29 

82 

21 

58 

-  6 

36 

—11 

134 

100 

39 

101 

38 

107 

41 

97 

26 

23 

—  9 

52 

—  5 

133 

99 

43 

99 

50 

102 

46 

97 

30 

84 

23 

67 

—  8 

52 

—  3 

127 

100 

40 

102 

46 

96 

42 

96 

28 

80 

18 

60 

—12 

40 

—12 

146 

98 

50 

96 

45 

105 

43 

96 

25 

62 

20 

59 

—  7 

49 

—  9 

•  a  •  « 

104 

34 

W 

37 

101 

37 

86 

25 

(85 

12 

61 

—20 

50 

—14 

187 

99 

36 

101 

40 

110 

39 

99 

22 

94 

16 

6:^ 

-13 

43 

—11 

V  *  •  • 

95 
90 

40 
49 

96 
88 

38 

46 

97 
96 

31 

40 

81 
73 

19 
26 

75 
65 

—  4 

16 

46 
65 

—  4 
18 

85 

42 

101 

68 
92 

42 
34 

74 
77 

24 

24 

63 
72 

17 
16 

62 

67 

18 
14 

8e 

40 

92 

52 

91 

46 

89 

66 

38 

93 

52 

88 

50 

89 

34 

73 

24 

64 

16 

64 

12 

99 

91 

84 

50 
44 

95 
92 

56 
56 

90 
89 

52 
53 

' 

86 

36 

76 

26 

64 

14 

64 

17 

95 

68 
68 

55 

46 

60 
69 

45 

38 

75 
74 

26 
24 

56 
70 

26 

16 

68 
66 

20 
17 

88 

40 

94 

50 

96 

"si" 

45 
42 

92 

89 

60 
53 

"89* 

54 
50 

29 

27 

■"64' 

16 
20 

■'70* 

21 
23 

90 

37 

77 

92 

88 

39 

92 

61 

92 

66 

92 

40 

60 

30 

72 

20 

69 

21 

86 

88 

41 

92 

52 

88 

51 

88 

43 

72 

29 

(« 

18 

66 

19 

99 

88 

41 

92 

53 

88 

50 

89 

43 

72 

29 

66 

18 

66 

19 

99 

90 

46 

93 

64 

95 

62 

92 

42 

72 

31 

67 

14 

66 

22 

90 

88 

42 

92 

54 

92 

49 

95 

34 

79 

24 

7X 

17 

68 

16 

92 

11946—810  90 32 
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Table  ov  Maxii^um  and  Minimum  Txmpbbatubss  asd 


January. 

Febmary. 

Maroh. 

ApriL 

May. 

Stotiona. 

• 
• 

1 

o 

45 

56 
56 
56 
56 
56 

• 

.H 

o 

16 
16 
16 
13 

18 
14 

• 

1 

• 

a 

3 

• 

1 

0 

70 
74 
76 
73 
68 
69 

• 
0 

21 
21 
18 
17 
24 
16 

• 

• 

a 

i 

• 

1 

• 

c 

3 

Ohio— Contiimed. 

Collin  wood  ............. 

0 

49 
62 
62 
64 
52 
53 

0 

—  2 
1 
0 

—  1 
0 

—  4 

0 

83 
82 

84 
82 

78 

0 

30 
22 
20 
20 
27 

0 

"91" 
96 
93 
85 
90 

0 

'38 

36 
33 
32 
36 
31 

Colambns  ...••.  ....•• .. 

Colombas  Barracks 

Domos  ................. 

Elvria 

Findlav  ................ 

Fostoria -. 

55 
55 
55 
54 
57 
55 
50 
54 
52 
55 

9 
-  6 
16 
11 
14 
14 
15 

7 
12 

9 

55 
45 

65 
60 
58 
59 
67 
,    50 
&l 
44 
50 
49 

—  4 

—18 
6 

—  1 
0 
0 
6 

—12 

0 

—14 

—  6 

—  2 

74 
69 
80 
72 
76 
70 
75 
64 
74 
66 
75 
78 

13 

10 
17 
18 
19 
18 
21 
14 
20 
15 
18 
13 

92 

87 
93 
89 
92 
88 
90 
85 
94 
87 
94 
94 

33 
24 
36 
34 
35 
32  * 

OarrdttAville  ........... 

81 
84 
79 
84 
78 
85 
79 
85 
83 
80 
83 

18 
24 
19 
23 
22 
26 
19 
20 
24 
23 
23 

Oeorizoto wn ............ 

GraDvillo  .............. 

Gratiot 

Greenville 

UaDflrinir  Roclc .......... 

31  ' 

Hiram 

30  1 

Jacksonborough 

Jefferson ............ .. . 

36 
30 
27 
34 

Kent 

Kenton  .......^........ 

46 

15 

LeiDsio...... ...... .... . 

Loflran  ................. 

56 
52 
59 
56 
56 
53 

13 
3 
17 
10 
11 
11 

"44' 

58 
57 
55 
55 

3 

—12 

3 

0 

—  8 

—  4 

78 
70 
74 
75 

68 
68 

17 
11 
23 
19 
12 
17 

85 
80 
85 
84 
80 
81 

22 
21 
23 
22 

21 

18 

93 
89 
89 
91 
93 
89 

31 
28 
32 
30 
31 
33 

Lordstown  ............. 

Marietta  ............... 

McConnellfiville 

Nanuleon  .............. 

New  Alexandria 

New  Athens ............ 

New  Comerstown 

North  Lewisbnrgh 

Oberlin 

54 
56 
56 
56 

11 
11 
10 
16 

56 
56 
52 

—  1 

—  3 

—  4 
1 

70 
72 
66 
74 

15 
17 
14 
17 
6 
14 
24 
25 
15 
21 

85 
88 
79 
82 
68 

"87' 
88 
72 
83 
77 

19 
21 
24 
21 
24 
25 
27 
28 
22 
23 
23 

94 
95 
87 
91 

"94" 
90 

"90' 
88 
86 
94 
89 
89 
90 
91 
96 
91 

31 
34 
% 
32 
30 
34 
31 
36 
38 
36 
34 
29 
33 
39 
34 
33 
35 
SO 
26 

Ohio  State  University.. . 
Orauffeville  ........ 

Poland 

Pomero V  ............... 

60 
61 

20 
21 

60 
68 

8 
8 

75 

82 

Portsuiontb  ............ 

Saliueville  ............. 

Sandosk V  .............. 

57 

13 

55 

—  1 

64 

8hanesville ............ . 

8hiioh 

Sidney 

55 
54 
58 
56 

11 
12 
12 
14 

59 
53 
54 
53 

0 
1 

—  5 

—  4 

72 

68 
64 
70 

19 
19 
18 
16 
13 
15 
10 

80 
80 
81 
80 
80 
80 
79 

21 
27 
21 
20 
24 
18 
19 

Tiffin 

Toledo 

Upper  Sandusky 

Vienna. 

Wanakoneta 

54 
55 

12 

1 

46 
52 

-  4 
-13 

71 
71 

WuuMon . .............. 

Waverly  ....... ........ 

West  Milton 

59 
54 
54 

12 
15 
12 
10 
3 

22 
24 

30 

62 
57 
54 
66 
45 

65 
67 
60 

2 
0 

—  5 

—  2 

—  8 

26 
24 
25 

79 
74 
71 
72 
69 

76 
76 
72 

21 
18 
16 
15 
14 

32 
35 

38 

82 
82 
80 
80 
82 

74 
83 
68 

24 

21 
21 
18 
22 

34 
41 
40 

98 
91 
90 
90 
93 

87 
91 
82 

35 
32 
30 
S3 
28 

43 
47 
45 

Westerville 

Wooster.... 

Yellow  SDrinflTs...... ... 

Younirotown ............ 

55 

56 
59 
56 

Oregon : 

Albany  ......  .......... 

Ashland ................ 

Astoria 

Baker  Citv 

Bandon *. .,.,.,. 

64 

■32' 

"er" 

'"^' 

"n 

"si" 

"66 

■42" 

"77" 

"4$\ 
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Annual  Banqb  or  Tbmpkbatubxs  for  1889,  sto.— Continued. 


June. 

Jnly. 

August. 

September. 

Ootober. 

November. 

December. 

• 

a 

•*4 

• 

9 

• 
p 

mm4 

• 

• 

• 

.3 

• 

• 

• 

s 

* 

a 

J 

• 

1 

^ 

:^ 

0 

:a 

0 

S 

a 

:^ 

s 

9 

s 

s  . 

» 

X 

o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

86 

42 

92 

56 

91 

51 

91 

38 

78 

89 

67 

21 

67 

80 

91 

90 

42 

98 

51 

96 

47 

97 

34 

80 

24 

70 

20 

66 

18 

98 

89 

42 

94 

M 

92 

46 

93 

33 

79 

23 

67 

19 

68 

80 

95 

82 

39 

88 

56 

84 

47 

88 

36 

72 

25 

69 

19 

64 

19 

88 

88 

38 

95 

50 

88 

48 

90 

40 

77 

25 

64 

17 

66 

19 

•  •  «  • 

90 

30 

78 
80 
73 

20 
23 
16 

63 
63 
66 

18 

19 

6 

67 
67 
66 

17 

88 

4 

"85* 

42 

38 

93 
91 

49 
43 

94 
89 

49 
40 

89 

34 

109 

92 

43 

96 

54 

100 

54 

98 

38 

82 

26 

74 

11 

72 

16 

94 

86 
90 

40 
43 

92 
93 

53 
55 

92 
90 

50 
48 

98 
93 

36 
38 

76 
75 

27 
27 

66 
69 

18 
20 

60 

11 

93 

83 

44 

86 

54 

88 

50 

88 

35 

78 

25 

62 

18 

64 

80 

88 

89 

41 

93 

56 

92 

52 

92 

35 

81 

28 

77 

18 

78 

17 

87 

83 

42 

89 

53 

90 

50 

90 

39 

72 

23 

64 

14 

66 

16 

108 

91 

42 

93 

61 

92 

58 

90 

36 

70 

28 

68 

15 

64 

80 

94 

82 

43 

88 

49 

88 

47 

91 

36 

67 

24 

65 

17 

64 

15 

105 

88 

36 

93 

50 

88 

47 

91 

33 

75 

25 

65 

16 

65 

80 

•  ■  a  • 

86 

44 

92 

55 

88 

51 

98 

36 

80 

26 

71 

20 

77 

80 

96 

88 
90 

46 
40 

94 
97 

62 
52 

92 
94 

55 
46 

98 
96 

40 
39 

80 
79 

28 
83 

73 

20 

69 

14 

94 

86 

45 

92 

42 

88 

38 

90 

34 

72 

16 

64 

16 

65 

18 

104 

88 

42 

90 

56 

90 

50 

90 

39 

76 

26 

73 

22 

70 

16 

87 

88 

41 

95 

54 

94 

46 

93 

36 

79 

22 

72 

18 

69 

14 

^  95 

88 

41 

96 

53 

92 

48 

88 

33 

78 

22 

"60 

16 

66 

19 

99 

85 

•41 

92 

52 

88 

48 

89 

39 

74 

25 

67 

18 

64 

15 

96 

90 
88 

38 
40 

96 
94 

51 

50 

92 
89 

45 
45 

92 
91 

40 
37 

75 
71 

27 
20 

66 

19 

66 

14 

'95 

89 

42 

96 

55 

93 

49 

94 

36 

83 

25 

64 

16 

67 

13 

99 

85 

40 

90 

51 

84 

48 

87 

40 

74 

24 

65 

11 

65 

19 

94 

86 

42 

92 

49 

93 

40 

93 

31 

79 

28 

66 

21 

67 

17 

92 

44 

86 

52 

42 

•*•••• 

34 

16 

16 

8 

V  •  •  • 

44 

50 

46 

40 

21 

18 

14 

«  •  •  ■ 

92 

42 

96 

55 

90 

48 

92 

38 

79 

27 

71 

83 

66 

15. 

88 

90 

45 

94 

56 

90 

54 

89 

40 

80 

28 
30 
27 

76 
"68' 

18 
20 
16 

70 
"76' 

80 
15 
80 

86 

86 

42 

93 

66 

87 

52 

90 

40 

76 

94 

87 

45 

93 

62 

90 

55 

91 

41 

75 

29 

18 

59 

81 

■ « •  ■ 

82 

42 

90 

49 

87 

46 

90 

33 

66 

26 

68 

16 

65 

80 

•  •  a  • 

9U 
86 

41 
45 

95 
91 

50 
50 

88 
88 

50 
57 

90 
89 

31 
40 

68 
62 

16 
18 

66 

70 

19 
81 

76 

28 

90 

85 

42 

91 

55 

90 

52 

88 

36 

78 

26 

63 

14 

70 

80 

96 

85 

40 

92 

49 

88 

48 

89 

35 

75 

23 

64 

15 

65 

30 

96 

90 

42 

95 

51 

89 

50 

90 

39 

»72 

29 

62 

15 

63 

9 

•  «  «  « 

90 

38 

98 

49 

94 

48 

92 

31 

79 

23 

62 

15 

65 

10 

102 

85 

:^8 

93 

46 

94 

45 

90 

28 

80 

17 

62 

9 

64 

15 

107 

89 

44 

94 

59 

93 

54 

91 

37 

82 

26 

74 

21 

71 

16 

•  «  «  • 

95 

43 

98 

58 

95 

52 

95 

37 

85 

28 

67 

20 

68 

80 

96 

88 

41 

92 

52 

88 

45 

90 

34 

75 

23 

67 

19 

^61 

14 

98 

87 

38 

92 

48 

90 

45 

92 

37 

76 

22 

65 

16 

64 

18 

97 

86 

42 

90 

54 

89 

47 

89 

33 

76 

23 

64 

17 

66 

15 

98 

89 

42 

92 

51 

88 

46 

90 

36 

75 

21 

64 

17 

65 

15 

101 

95 

45 

96 

48 

88 

43 

97 

32 

75 

48 

6:^ 

32 

62 

84 

74 

98 

55 

97 

60 

89 

46 

89 

39 

78 

38 

60 

26 

50 

16 

82 

88 

46 

84 

52 

77 

50 

87 

41 

73 

44 

63 

;i5 

52 

30 

6;^ 

95 
71 

51 
5Q 

195 
70 

37 

4d 

83 
8Q 

27 
36 

85 
71 

29 
40 

56 

74 

10 
3a 

49 

59 

8 

89 

'"68 

"49' 

54 

600 
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Tablb  of  Maximum  and  Minxmum  Tempbraturbs  AXt> 


January. 

Febmary. 

March. 

April. 

May. 

Station^. 

• 

• 

a 

• 

• 

• 

0 

• 

• 

H 

• 
a 

3 

• 

9 

s 

• 

a 

Oreffon— CoDtinaed. 

Benli^.... 

o 

o 

o 

0 

0 

0 

0 

0 

0 

CMcade  Looks  ....... .. 

Creawell  ......•..•••... 

84 
87 
84 
90 
96 

49 
48 
43 
24 
35 

East  Portland  -.--. 

50 

50 
48 

83 

20 
—  7 

64 
61 
63 

20 

21 

3 

75 

70 
70 
82 

38 
33 
15 
29 

79 
75 

80 
88 

33 
42 
20 
33 

Eola 

Fort  Klamath 

Grant's  Pass.... 

Hcnnnor  ...•.••........ 

Hooa  River 

..... 

Jaokaonville  ........... 

81 
79 
75 
76 
77 
76 

34 
31 
30 
83 
33 
34 

90 
83 

37 
34 

La  Grande  ,.,r-^-r-r--T 

McMinnville 

54 
54 
55 
59 

19 
22 
24 
22 

"eo" 

65 
64 
68 

20 
28 
23 
22 

75 

77 
78 
80 

30 
30 
35 
29 

Mount  Anirel -,--,.-».,,, 

85 
88 
87 

41 
42 

40 

Portland.  ........•••..• 

Rosebnreh •• ...... 

St.  Helen 

Siskiyou 

(J2 

20 

■72' 

17 

72 

35 

85 
83 
69 

34 
31 
35 

93 
91 
74 

34 

The  Dalles 

34 

Tillamook - 

70 

32 

72 

29 

""88* 

30 

48  ] 

Vemonla.  .............. 

^*^  1 

Pennsylvania: 

Allegheny  Arsenal 

Altoona ...... ...... .... 

55 
59 

12 

14 

54 
51 

—  3 

—  3 

72 
65 

83 
88 

86 
82 

..... 

85 
31 

91 
91 

33 
86 

Annville  ............... 

Aauednot  .. ...... ...... 

67 

35 

87 

88 

85 

k68 

"39 

28 
89 
30 

99 
^2 

43 
34 

Bethluhem  .....•••..... 

42 

50 

—  1 
—12 

Blooming  Grove 

Bine  Knob  ....... ...••• 

56 

0 

61 

28 

94 

34  ' 

Cannonshnrirh  -.-  ...... 

Carlisle 

65 
62 

4 
11 

42 

48 

0 
-  5 

68 
66 

25 
83 

88 
88 

35 
89 

96 

36 

Catawiasa. ............. 

Chambersbarffh ........ 

Charlesville 

60 
56 
62 
50 
50 
60 
67 
50 
46 
56 
53 

—  5 
6 

14 
4 

—  2 
7 

—  6 

—  1 
12 

—  3 
12 

51 
46 
49 
42 
44 
47 
41 
40 
40 
45 
54 

—  9 
—21 

—  3 
—26 
—27 
-13 
—20 
—17 
—21 
—20 
-10 

68 
67 
67 
76 

20 

9 

21 

4 

80 
80 
83 
88 
78 
77 
79 
74 
76 
84 
83 
80 
76 
80 
76 
78 
84 
68 
80 
84 
77 
81 
88 

14 
81 
27 
80 
19 
86 
19 
84 
28 
81 
88 
84 
30 
84 
34 
83 
26 
83 
34 
85 
88 
26 
38 

90 
86 
94 
98 
90 
89 
88 
86 
86 
98 
69 
87 
90 
86 
88 
89 
90 
87 
90 
94 
83 
93 
85 

29 
28 
34 
26 
26 
S3 
26 
31 

Olarioo  (2) - 

Coates  vUle 

Corrv ......  ...... ...... 

CoiidersDort ...... ...... 

Drifbon 

61 
59 
56 
60 
^ 
58 
60 
65 
64 
65 
61 
66 

15 
11 
10 
13 
11 
20 
24 
25 
10 
23 
19 
18 

Dvberrv. ... ...... ...... 

Eaelo's  Mere 

Edinboronffh ........... 

30 

Emnorinm  .  ...*•• ...... 

25 

Erie 

Forks  of  Neshamin V  .... 

25 
44 

36 
38 
44 
83 
30 
87 
40 
87 
88 
28 

Frankford  Arsenal 

Franklin 

59 
50 
60 
51 
52 
55 
62 
61 
54 
61 
59 

17 
7 

17 

10 
6 
9 

13 

—  2 
-3 

—  2 
8 

50 

38 

44 

41 

42 

49 

44 

49 

39' 

41 

60 

—  2 
—22 

1 

—  4 
—24 
—17 

—  1 

—  7 
—15 

—  8 
—11 

Oermantown  ........... 

Girardville 

Orsmnian  Hills. ........ 

Greenville. ...... ...... . 

Harrisbnnr ............. 

62 

68 
56 

69 

23 

18 
15 
19 
17 

HoUidaysbnrgh 

Honesdale 

Hnntinffdon ............ 

Indiana  ...•.•.....• .... 

40  ' 

■Tohnstown  ...^-.. ....... 

LHQoast^ 

"ei" 

14 

■44" 

I 

64 

8i 

88 

88 

91 

36 
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Ahnuai,  Bamok  op  Txmpbbaturbs  tos  1899,  etc.— CoDtinned. 


0 

0 

0 

0 

0 

a 

0 

0 

0 

o 

0 

0 

0 

0 

0 

93 
83 

88 

24 
59 
S9 

9S 

S3 

60 
60 
66 

7 
30 
36 

46 
49 
63 

-7 

"m 

■'i6- 

97 

"gS 

"w" 

"m" 

"ts" 

'33' 

'"23* 

so 

63 

98 

52 

84 

63 

87 

40 

76 

36 

68 

30 

69 

32 

"76 

90 

47 

94 

66 

85 

47 

91 

46 

73 

38 

62 

30 

61 

18 

76 

99 
102 

as 

41 

98 
104 

35 
40 

"m 

"m 

■"98" 

"29' 

"w" 

"x 

"72' 

"24" 

"53" 

'33" 

96 

37 

101 

43 

94 

39 

91 
84 
96 

31 

42 
38 

79 
80 
80 

32 

34 
37 

66 
60 
67 

23 
28 
28 

"is" 

48 

"ie" 

19 

"m 

"ifi' 

"'99' 

"46" 

■gi" 

"44' 

90 

43 

95 

41 

92 

38 

84 
96 
96 

28 
39 
35 

84 
76 
77 

32 
30 
32 

66 
64 
63 

93 
39 

38 

46 

10 

'"'«' 

■■«' 

"m 

"iV 

"ffi* 

"43' 

94 

43 

9b 

46 

87 

46 

89 

38 

80 

38 

64 

"53' 

"25! 

""73 

95 

43 

97 

43 

90 

46 

90 

35 

83 

35 

64 

39 

57 

24 

75 

88 

34 

79 

37 

66 

30 

56 

24 

"m 

"«' 

"m 

"53' 

"is 

■"is' 

92 

40 

86 

36 

68 

33 

50 

IS 

""« 

95 

47 

98 

48 

93 

42 

S6 

35 

76 

32 

60 

21 

50 

14 

78 

46 

US 

53 

71 

46 

93 

34 

70 

34 

66 

31 

51 

14 

"79 

88 

30 

75 

34 

62 

36 

50 

19 

68 

43 

94 

53 

93 

47 

94 

40 

78 

% 

70 

31 

68 

19 

97 

88 

48 

93 

55 

88 

e» 

86 

41 

71 

36 

63 

36 

65 

81 

96 

91 

60 

83 

33 

71 

31 

6S 

20 

"ia 

"55* 

"w 

"w 

"es' 

"55' 

83 

41 

77 

33 

66 

19 

70 

15 

88 

46 

94 

54 

86 

46 

83 

40 

73 

38 

66 

31 

68 

IS 

91 

48 

93 

68 

87 

53 

83 

40 

73 

33 

60 

10 

63 

7 

90 

40 

94 

49 

86 

44 

86 

38 

70 

33 

60 

12 

60 

13 

84 
95 

45 
S3 

88 

36 

74 

78 

23 
23 

69 
63 

19 
21 

66 
70 

11 
15 

""'93' 

'"w' 

"91 

"52* 

84 

49 

"eo' 

**39* 

70 

35 

67 

22 

63 

17 

86 

34 

78 

23 

68 

20 

64 

15 

■"'ae' 

"43' 

"W 

"is" 

"ot' 

"42' 

66 

6 

66 

13 

"'m 

"31' 

"n' 

"is 

66 

6 

63 

10 

"w 

■«' 

'«■ 

"63" 

"89' 

'■«■ 

88 

37 

yj 

39 

6S 

9 

69 

17 

■"97 

90 

38 

88 

42 

98 

37 

93 

31 

68 

14 

63 

12 

60 

8 

118 

86 

35 

89 

39 

85 

38 

88 

31 

50 

0 

66 

44 

88 

60 

84 

44 

84 

44 

"m' 

"m 

60 

7 

"hi' 

"io" 

"iw 

85 

33 

89 

43 

84 

30 

83 

31 

70 

14 

61 

0 

64 

8 

109 

86 
87 

61 
50 

79 
83 

48 
44 

74 
85 

36 
36 

66 
t.3 

18 
33 

60 

6 

7 

61 
60 

0 

s 

■"« 

'"46' 

'ios 

90 

38 

93 

41 

86 

41 

8t 

35 

69 

15 

60 

16 

62 

12 

113 

83 

45 

87 

64 

81 

52 

85 

49 

69 

30 

68 

36 

70 

12 

99 

82 

54 

84 

59 

82 

48 

90 

63 

""k" 

"*67" 

89 

53 

86 

43 

"si' 

"32' 

'e& 

"si" 

"es" 

"26' 

"97 

88 

44 

90 

62 

83 

44 

84 

34 

64 

14 

60 

12 

58 

10 

m 

88 

50 

88 

60 

85 

58 

84 

48 

68 

30 

63 

35 

66 

18 

87 

85 

47 

90 

63 

95 

48 

80 

37 

70 

35 

«5 

21 

64 

16 

99 

88 

48 

94 

&i 

86 

40 

86 

33 

70 

SO 

58 

16 

60 

8 

118 

87 

43 

95 

45 

84 

90 

34 

74 

19 

B7 

18 

65 

11 

87 

50 

92 

57 

85 

6:1 

82 

44 

76 

39 

62 

24 

66 

14 

"93 

90 

40 

95 

47 

90 

41 

87 

33 

76 

17 

67 

8 

64 

10 

103 

8a 

35 

86 

44 

80 

39 

80 

34 

68 

18 

61 

61 

8 

101 

89 

38 

90 

4B 

90 

43 

87 

35 

76 

18 

65 

7 

69 

12 

101 

87 

44 

88 
85 
87 

35 
43 
39 

73 
73 

80 

31 
31 
27 

66 
67 

66 

19 
30 

"m 

"«" 

"6^" 

"io" 
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Tabdb  of  Maximum  and  Minimum  Tkmfxratcbss  Aid) 


January. 

February. 

MajN^ 

ApriL 

May. 

Btations. 

• 

o 

53 
57 
64 
56 

0 

... 

:^ 

o 

5 

0 

2 

12 

1 

c 

48 
49 
56 
45 

9 

:^ 

o 

—18 

—11 

2 

—  9 

1 

o 

60 
t>9 
66 
66 

• 
a 

s 

o 

13 
19 
22 

"28 

• 

i 

o 

76 

85 
82 
79 

• 

i 

0 

26 
26 
25 

"28* 

..... 

• 

8 

0 
89 

• 
a 

i 
0 

32 

PeoDBylvania— Continued. 
Le  Roy 

Look  Hayen.... 

McConnellsbargh 

Meadville 

93 

86 

"'94' 
93 

90 

"94" 
90 
93 
90 

""91' 
90 
94 
91 
90 
92 
90 
92 

31 

•  •  »  •  • 

31 
33 
29 
26 
41 
30 

Moshoppen •.•.. 

Myento  wn  ••.....•.«... 

New  Bloomfield 

Newcastle 

Nisbet 

64 
56 

0 
—  2 

51 
50 

0 
— U 
—  2 

66 
69 

"is 

66 
67 
70 

"g& 

64 
69 
70 
54 
62 

19 
9 
26 
20 
25 
13 
23 
18 
24 
20 
20 
12 
16 
24 

83 

84 

27 

21 

..34 

Petenbursh 

82 
78 
81 
83 

"79' 
79 
78 
82 
76 
80 

26 
34 
22 
25 
29 
32 
24 
27 
23 
28 
32 

Philadelphia 

59 
56 
61 

18 

—  1 

17 

51 
56 
53 

2 
-19 

—  1 
—10 

0 

—  4 

—  4 
—13 

—  7 

—  4 
-27 
—13 

43  i 

PhiliiMbnrffh 

27 

PittaooTgh 

37 

Pleasant  Mount  ........ 

35 
36 
30 
32 
35 
30 
40 
27 
28 

Pottstown 

58 
59 
64 
50 
52 
55 
52 
54 

16 
7 
7 

12 

7 

8 

—  2 

8 

44 

46 
44 
42 
40 
46 
43 
50 

Quakertown 

Reading 

Rimersonrgh 

Salem  Cornen 

Selin's  Qrove 

Smethport 

Somerset 

South  Eaton 

65 

9 

72 

14 

State  College 

57 
56 

10 
18 

48 
48 

—14 
0 

63 
65 

13 
24 

81 
77 
84 
79 
85 
84 
80 
77 

25 
30 
32 
25 
34 
17 
22 
30 

92 

90 
92 
89 
94 
88 
90 
90 

S3 
38 
43 
38 
44 
30 
30 
38 

Swarthmore ...  x ....... . 

Tinton ^ 

Troy 

57 

0 

46 

—16 

60 
65 
68 
65 
64 

18 
27 
11 
18 
22 

TniiBrora..::.:"":::: 

Untontown ... 

62 

58 
58 
68 

13 

—  2 

16 

20 

58 
54 
46 
47 

—  1 
—20 

—  2 
2 

Wellsborough 

Westchester 

Westtown.... 

Wilkes  Barre 

Wy  SOX 

a  •  •   •   • 

59 

0 

44 

—16 

68 

"21 

81 
82 

58 
67 
72 
71 

22 
32 

32 
32 
21 
26 

89 
94 

70 
76 
76 
88 

30 
2o 

40 
41 
36 
35 

York 

Rhode  Island : 

Block  Island 

56 
55 

10 
9 
9 

46 
46 
47 

2 

0 
—  1 

49 
53 
56 

24 
21 
21 

Bristol 

Port  Adams  ............ 

Kinffston  ^1) 

Kinirston  (2S 

Narragansett  Pier    

Ne wnort  ...... ......... 

55 
53 
63 

58 
55 
56 

70 

11 
13 
10 
11 

8 
8 

26 

47 
46 
50 
48 
46 
46 

75 

—  3 

1 

—  2 
0 

—  4 

—  4 

19 

56 
52 

70 

13 
24 
22 

65 
64 
80 
75 
77 
74 

82 

29 
33 
32 
32 
29 
28 

39 

74 
74 
92 

85 
84 
86 

92 
97 
95 
94 
98 
100 
97 
95 
96 
95 

"  38 
41 
41 

40 
87 
40 

46 
41 
42 
41 
M4 
39 

Olneyville 

Providence  n  )..... 

Providence  (2) 

67 
62 

75 

20 
20 

30 

Woonsocket 

South  Carolina: 

Aiken .................. 

Allendale .-. ...... 

Batesburff  ............. 

82 
83 

41 
34 

Belmont  ............... 

67 

15 

74 

30 

Blackville 

Brewer  Mine 

68 

19 

66 

12 

76 

26 

89 

39 

Branchville  ._  _  ....... 

41 

Cedar  SDrinir. .......... 

78 
71 

22 
29 

68 
70 

16 
26 

76 
.74 

20 
34 

•  •  V  9  • 

66 

85 

SO 
42 

35 
49 
40 

Charleston ....... ...... 

Cheraw 

BEPOBT  OF  THE  CHIEF  SIGNAL  OFFIOEB. 


503 


Annuai.  Ranqk  of  Tbmpbraturbs  fob  1889,  STO.— Continaed. 


June. 

July. 

August. 

September. 

October. 

November. 

December. 

• 

• 

• 

* 

• 

• 

• 

• 

8) 

s 

s 

1 

0 

3 

9 

3 

1 

a 

3 

1 

a 

3 

9 

1 

a 

o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

86 

45 

93 

50 

83 

48 

84 
87 

37 
36 

66 

20 

57 
62 
66 

14 
12 
22 

58 
66 
67 

0 
14 
15 

111 

87 

40 

92 

89 

48 
'*48* 

77 
69 

26 
10 

84 
82 
89 

"46" 
47 

84 
88 

"45" 
36 

""87* 

48 
43 

10 
16 

76 

27 

58 

28 

67 

90 

40 

94 

40 

90 

40 

88 

34 

75 

20 

64 

19 

68 

13 

94 

87 

38 
53 

91 

42 

54 

90 

31 
42 

73 

*  •  •  «  • 

17 
24 

68 

18 
22 

66 

12 

14 

59 

«*  «  • 

90 

44 

97 

49 

96 

42 

90 

31 

76 

20 

69 

19 

69 

12 

•  •  •  • 

88 

54 

94 

60 

88 

57 

87 

47 

79 

32 

«> 

27 

68 

16 

92 

88 

38 

94 

48 

88 

38 

85 

35 

75 

14 

65 

14 

63 

9 

113 

87 

46 

93 

56 

89 

50 

90 

44 

75 

30 

69 

20 

67 

22 

94 

"'91' 

52 
53 

"92" 

55 
56 

88 

55 
50 

'"ks 

42 

41 

17 
22 

79 

30 

64 

69 

18 

92 

88 

40 

92 

48 

87 

45 

84 

37 

78 

26 

64 

16 

67 

11 

96 

95 

44 

92 

50 

87 

46 

84 

42 

75 

28 

€7 

18 

67 

15 

99 

86 

47 

92 

56 

86 

52 

87 

40 

71 

23 

64 

16 

58 

12 

105 

85 

44 

84 

49 

80 

46 

78 

40 

70 

22 

54 

18 

59 

8 

97 

86 

55 

89 

57 

87 

52 

84 

41 

69 

22 

65 

25 

69 

21 

96 

88 
83 

38 
41 

89 

45 

83 

41 

88 
80 
81 

32 
32 

36 

73 
70 
72 

17 
20 
20 

63 
67 
64 

6 

12 

9 

61 
60 

14 
17 

85 

37 

90 

57 

85 

44 

106 

87 

46 

91 

56 

87 

54 

85 

41 

79 

32 

66 

22 

67 

18 

91 

90 
89 

48 
46 

75 
64 

17 
14 

65 
55 

20 
16 

65 
62 

]3 

7 

95 

50 

88 

42 

85 

35 

111 

92 

57 

96 

G3 

91 

57 

85 

43 

76 

25 

64 

23 

68 

16 

«  •  •  • 

87 

44 

89 

52 

87 

46 

89 

38 

75 

25 

68 

20 

67 

14 

90 

86 

42 

90 

42 

86 

38 

88 

30 

65 

13 

56 

12 

64 

8 

110 

86 

48 

90 

55 

86 

53 

64 

42 

80 
80 
75 
70 

28 
26 
23 
16 

64 
67 
66 
60 

23 
20 

18 
13 

67 
66 
67 
62 

16 

18 

15 

8 

92 

82 

86 

37 
32 

88 

39 

91 

44 

86 

39 

106 

91 

49 

96 

52 

88 

46 

85 

38 

80 

27 

68 

23 

68 

16 

•  »  «  • 

76 

52 

81 

57 

80 

56 

74 

49 

66 

36 

62 

25 

57 

18 

79 

81 

49 

86 

52 

80 

52 

79 

44 

67 

31 

61 

23 

58 

13 

86 

85 
87 

45 
42 

89 
86 

52 

51 

87 
82 

50 
49 

86 
80 

38 
36 

76 
71 

33 
30 

67 
62 

20 
17 

61 

12 

•  •  •  • 

89 
87 

50 
53 

83 
82 

50 
50 

81 
79 

35 
39 

67 
68 

28 
31 

63 
63 

16 
18 

59 
58 

11 
14 

85 

47 

90 

80 

52 

82 

56 

80 

54 

76 

46 

68 

34 

62 

25 

56 

17 

81 

90 

50 

89 

55 

86 

51 

86 

43 

80 

32 

67 

22 

71 

11 

94 

92 
90 

50 
47 

90 

54 

84 

50 

69 
74 
70 

32 
29 
27 

64 
64 
63 

78 
78 
78 
77 

23 
18 
19 

24 
22 
22 

23 

64 
66 
60 

75 

11 

9 

10 

28 

82 
82 

39 
38 

86 

53 

84 

50 

96 
96 
94 

46 
44 
43 

98 
98 
93 

70 
60 
64 

92 
92 
86 

64 
54 
62 

92 
92 
89 

44 
42 

46 

86 
84 
83 

32 
36 
33 

'■76 

24 

•  •  *  • 

98 
99 

42 

40 

100 
99 

64 
55 

92 
92 

60 
45 

92 
94 

46 
44 

84 
88 

34 
32 

78 
78 

24 
21 

77 

20 

88 

94 
95 
95 

47 

46 
51 

96 
95 
97 

56 
51 
71 

92 

90 
90 

62 
55 
66 

90 
88 
91 

42 

40 
58 

86 
80 
86 

34 
27 
43 

80 

28 

79 

31 

78 

37 

71 

96 

50 

98 

62 

94 

58 

94 

44 

84 

32 

82 

22 

76 

21 

•  ••  • 

/ 
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TaBLS  of  UaJOMXJU  AUD  ICiHIMUM  TBlCPESA.TnRB8  ASD 


Jannaxy. 

Febmaxy. 

March. 

AprlL 

May. 

StatiooB. 

* 

1 

d 

3 

• 

8 

■ 
a 

i 

0 

^ 
a 

c 

S 

i 

■ 

8 

0 

3 

South  Carolina— Continned. 
Chester 

o 

o 

0 

0 

0 

0 

0 

0 

101 
93 

9t5 
95 
94 
98 
96 
95 
98 
97 
98 

'92' 
98 
97 

0 

38 
46 
41 
50 
38 
43 
36 
42 
42 
40 
40 
42 
51 
35 
40 

Clinton 

65 
70 
70 
67 
65 

23 
24 
29 
18 
30 

68 
69 

23 
17 

70 
77 
73 

33 

28 
30 

81 
88 
86 
85 

34 
38 
45 
39 

Colnmbia  .-.. 

Conway ...... ...... .... 

ETergreen... ........... 

61 

10 

Floreooe  ..••••......•.. 

70 

88 

Greenville.... 

Greenwood............. 

Hardeeyille  ............ 

Jackson  boroagh  •..••... 

Kingstree 

«  »  «  •  • 

i 

Kirkwood 

18 

4 

"26 

41 

Port  Boyal 

St.  GKsorge's  ............ 

St.  Matthew's 

Simpsonville 

Spartanborff  ........... 

67 
65 
69 

15 
26 
30 

72 
75 
70 
72 

22 
30 
44 
29 

' 

95 
95 
94 
95 

48 
44 
54 
42 

Statesbnrgh 

69 
64 
70 

19 
24 
20 

85 
82 

88 

39 
47 
40 

Timmonsville  .......... 

Trial 

Walhalla 

Winnsborongh  ......... 

68 
77 

19 
20 

68 
67 

10 
11 

74 
75 

23 
25 

88 
93 

34 
37 

97 
94 

40 
39 

Yorkville 

Bonth  Dakota: 

Alexandria  .•••••....... 

Armonr  ...... .^...« 

.f ..  • 

89 
91 

39 
20 

Brookings 

44 

24 

43 

—30 

68 

4 

83 

12 

Canton..... 

Clark 

DeSmet..... 

—23 
—27 
—20 
—24 
—30 
—22 
—22 
—29 
—30 
—24 

"75' 
68 
74 

69 
74 
71 
65 
70 
68 
76 
70 
69 

10 

10 

5 

12 

—  3 

11 

10 

2 

8 

9 

8 

10 

10 

'"87" 
72 
86 
78 
87 
85 
79 
84 
84 
78 

30 
24 
20 
27 
17 
27 
27 
21 
21 
24 
28 

"87" 
79 
95 

39 
24 
29 
30 

Port  Bennett 

44 

48 
45 
34 
46 
45 
36 
42 

—21 
—  3 
—15 
—25 
-14 
—19 
—21 
—26 
—18 

49 
57 
53 
36 
53 
47 
38 
45 

Fort  Meade 

Fort  Randall 

Fort  Sisseton 

Fort  Solly  (1)  ..: 

88 
88 
89 
90 
87 
91 

26 
25 
32 

26 
32 

Fort8nlly(2) 

Garden  City 

Hnron , 

Kimball 

Onida 

Parkston 

50 
57 

—22 
—  3 

54 

58 

—28 
—17 

ItapidCity 

■'eo' 

21 

88 

81 
128 

34 

40 
23 
22 
20 
30 

32 

40 
39 
36 
37 

RoBcoe 

Spearflsh 

55 
52 
38 
45 

—  3 

—14 
—26 
—29 

55 
48 
41 
41 
41 
56 

60 

—16 
—18 
—33 
—30 
—34 
—18 

9 

68 
72 
71 
73 
70 
72 

78 

9 
10 
0 
8 
7 
13 

26 

78 
84 
81 
88 
80 
81 

83 

33 
32 
14 
18 
20 
27 

31 

65 
92 
92 
92 
88 
94 

90 
93 
88 
91 
91 

Spring  Lake.... 

Webster 

Woonsocket 

Wolsey 

Yankton  ............... 

47 

—12 

Tennessee : 

Anderaonville 

Arlington 

Ashwoed 

58 
61 

21 
22 

71 
72 

14 

9 

73 

78 

27 
27 

81 

87 

85 
32 

Austin 

BoIiTar(l) 

BoUYar(2) 

Brownsville 

93 

40 

Chattanooga 

"ei" 

"26" 

"n" 

13 

"eo" 

■'ie' 

"so" 

"37 

91      41  1 
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AjxunjAL  Banob  of  Tkmpbratxjrbs  yor  1889|  KTC.— Continned. 


Jane. 

Joly. 

August. 

September. 

OetolMr. 

Noyember. 

Deoember. 

i 

• 

a 

• 

1 

J 

a 

J 

1 

1 

• 
a 

1 

• 

i 

i 

1 

o 

99 
96 

0 

44 

52 

o 

100 
95 
96 
93 
94 

100 
94 

102 
98 
98 
96 

"95' 
98 
96 
93 
104 
92 
90 
96 
87 
95 

•  94 

104 

•98 

98 

0 

63 
66 
64 
68 
62 
64 
40 
64 
70 
64 
62 
65 
76 
64 
64 
67 
50 
64 
72 
63 
70 
62 
61 

42 
52 
37 

0 

97 
86 

• 

60 
64 

0 

98 
85 

0 

42 
42 

0 

88 
80 
86 
84 

0 

30 
35 
33 
43 

0 

82 
75 
80 
82 

0 

30 
26 
23 
26 

0 

0 

0 

72 
78 
79 
75 

80 
25 
30 
18 

119 

92 
93 
96 
94 
96 
96 
99 
96 

"'89' 
96 
96 

45 
39 
50 
42 
42 
46 
44 
46 
58 
55 
48 
46 

88 
85 
92 
88 
90 
94 
90 
92 

89 
92 
90 

61 
60 
60 
56 
60 
64 
58 
56 
61 
68 
58 
62 

87 

49 

•  •«  • 

90 
88 
90 
92 
92 
92 

'"96* 
92 
92 
89 
90 
86 
84 
92 
85 
90 
92 

92 

48 
42 
48 
48 
44 
42 
45 
59 
44 
46 
42 
38 
49 
57 
45 
42 
44 
44 

32 

84 
80 
84 
68 
86 
84 

"si' 

86 
86 
88 
84 
82 
86 
83 
77 
82 
84 

86 
30 
36 
34 
28 
40 
32 
45 
34 
34 
34 
22 
36 
44 
33 
36 
80 
32 

80 
74 
76 
82 
82 
80 

"78* 
80 
84 
81 
78 
77 
79 
82 
69 
81 
80 

58 

34 
20 
22 
24 
22 
30 
21 
32 
24 
24 
20 
24 
25 
29 
23 
26 
20 
20 

—  8 

76 

26 

•  «•• 

'74' 

22 

36 

•  «  •  A 

"78' 
75 
74 
79 
75 
»»77 
78 

59 

23 
24 
97 
36 
28 
26 

24 

—  9 

100 
94 
90 
94 

42 
47 
57 
43 

90 
86 
86 
97 

56 
61 
68 
65 

■  •  •  • 

76 
70 

*  •  •  • 

99 
94 

96 
98 
94 

42 
42 

55 

47 
36 

96 

89 

98 
97 
97 
96 
100 

'ioe' 

100 
100 

55 
58 

42 

52 
42 
49 
48 
62 
47 
47 
49 

89 
83 

89 
89 
92 

"166' 
91 
94 

30 
35 
31 
35 
32 
28 
32 

76 
78 
85 

89 
86 
79 

24 
27 

19 
28 
19 
22 
18 

60 
56 
57 

"64* 
64 
62 

—  6 
0 

—  5 

—  5 

—  7 

—  4 

—  3 

58 
54 
55 

"54" 

66 
65 

—21 

0 

—16 

—  6 
—11 

—  2 

—  8 

128 

100 

•«^*  • 

108 

97 

105 

39 
59 
46 
34 
48 

"ioo* 

94 
99 

54 
42 
42 
45 

• « •  • 
135 
120 
129 

99 
99 

45 
46 

108 
105 

51 

50 

107 
107 

49 
48 

98 
98 

35 
36 

87 
85 

21 
20 

65 
64 

—  6 

—  6 

52 
53 

—  6 

—  6 

130 
129 

98 
99 
99 
94 
95 
tl03 
101 
92 
94 
99 
97 
93 

85 
94 
87 
90 
92 
93 
96 
87 

48 
41 
40 
40 
43 
39 
48 
52 
35 
39 
38 
44 

46 
43 
45 
48 
45 
61 
40 
39 

104 
166' 

44 

47 

48 

97 

99 

108 

46 
48 
42 

92 

90 

100 

32 
34 
34 

78 
77 
82 

17 
19 
22 

62 
56 
60 

—  4 

—  4 

—  9 

55 

'54" 

66 
61 

—12 

—  5 
4 

—  2 

—  2 

134 

•  «  •  • 

•  •  •  <• 

100 

•106 

93 

98 

96 

104 

105 

98 

89 
96 
90 
92 
95 
96 
98 
92 

46 
42 
52 
50 
43 
41 
44 
50 

57 
60 
62 
62 
60 
69 
62 
63 

100 

kl08 

100 
96 

100 
99 
96 
96 

85 
94 
88 
88 
94 
96 
94 
91 

49 
41 
49 
52 
42 
41 
43 
51 

51 
58 
63 
58 
56 
66 
62 
57 

94 

-91 

92 

30 
26 
39 

86 

**78 

85 

25 
18 
22 

72 

0 

117 

66 

3 

64 

4 

117 

92 
94 
00 
88 

86 
92 
87 
90 
94 
95 
92 
89 

27 
28 
27 
34 

41 
46 
41 
40 
42 
49 
52 
40 

81 
77 
78 
80 

80 
82 
80 
82 
86 
85 
84 
82 

15 
14 
14 
22 

28 
30 
80 
26 
32 
45 
44 
85 

60 
62 
60 
60 

67 
76 
72 
78 
74 

—  7 

—  4 
10 

0 

21 
22 
25 

20 
20 

49 
59 
50 
60 

72 

—21 

—13 

—15 

3 

20 

133 
134 

••  *  • 
116 

72 

78 

25 
22 

76 
83 

78 

33 

78 
73 

26 
83 

"73' 

"» 

79 

606 


&EPOBT  OP  THE  CHIEF  SIGNAL  OFFICES. 


Tablv  or  Maximum  akd  Mxkimum  Tbmpkraturxs  ajtd 


Jauaary. 

• 

Febnuury. 

Mareh. 

April. 

May. 

StotioDB. 

8 

• 

s 

O 

19 

■ 

1 

■ 

• 

1 

o 

76 
76 
76 

• 

0 
O 

25 
18 
29 

• 

8 

• 

3 

a 

M 

• 

c 

3 

Tftnoessee-^Continued. 

CIafIch  villo  ............. 

o 
60 

o 

69 
72 
70 

o 

11 
5 

18 

o 

86 
90 

77 

o 

33 
34 

41 

o 

90 
90 

87 
78 
69 

0 

37 
34 
47 

Coir  Hill 

CoviDflrton  (1)  .......... 

62 

21 

Covinflrton  (2) 

Camberland  Gao  ....... 

80 

32 

DudIad  ................ 

Dversbarffh  ............ 

95 
91 

88 

36 

Favettevilld ...... ...... 

62 
58 
70 

20 
24 
13 

72 
67 

12 

15 

IS 
78 

28 

29 

84 
80 

38 
39 

42 

Florence  Station 

Fostoria.  ............... 

44 

Grand,  Junction  ........ 

87 
81 

39 
34 

Grscneville ............. 

61 

18 

63 

9 

72 

26 

80 

33 

Grief. 

Hohen  wald ............. 

63 
GO 
65 
65 
57 
63 
57 
54 

18 
18 
17 
20 
16 
20 
19 
15 

73 
60 
63 
64 
68 
65 

6 
8 
7 
12 
6 
8 

80 
74 
79 
77 
77 
82 

16 
25 
21 
26 
17 
26 

88 
81 
85 
88 
80 
85 

28 
32 
31 
32 
28 
34 

92 
86 
91 
91 
89 
91 
88 
84 

45 
34 
33 
36 
32 
41 
44 
38 

Jacksboro 

Kingston  Springs 

Knox  ville .............. 

Lawrencebnrgh 

Leeville .......... ...... 

LiewisburiFb  ............ 

Lookout  Monntain 

Lvnnville  ...... ........ 

65 

10 

74 

22 

80 

34 

McK^nKie  .............. 

64 

21 

74 

16 

78 

"so" 

McMinnyille 

83 
83 
83 

39 
41 
35 

811 

90 
92 
94 
91 
87 
89 
89 
88 
88 
89 

43 
47 
39 

Memphis 

65 
65 

21 
20 

77 
73 

17 
14 

80 
78 

38 
25 

Milan  (1) 

Milan  (2) 

37  i 

Nashville 

61 
64 
60 
70 
60 

20 
19 
19 
20 
20 

70 
70 
70 
70 
60 

12 

7 
11 

8 
8 

78 
79 
77 
77 
70 

■'26 

19 
23 
21 

28 

85 
82 
82 
84 
79 

33 
33 
35 
32 
30 

40 
34 
39 
36 
30 
42 
40 

Nnnnelly 

Parksville ...... .... .... 

Riddieton 

UogersvlUe. 

Roflrby.  ................ 

Savannah..  ............ 

64 
65 
62 

26 
18 
20 

72 
64 
72 

22 

6 

14 

83 

86 
80 
80 
82 
84 
87 

88 
89 
86 
88 
88 
90 
84 
89 
92 
90 
98 

37 
28 
36 
33 
35 
32 
45 

42 
47 
50 
40 
46 
42 
48 
53 
56 
46 
50 

Snrinir  Dale 

80 
75 

24 
25 

Trenton 

87 

38 

Tullahonia  ......... . 

Watkins 

59 
82? 

21 
21 

72 
72 

10 
18 

80 
82 

30 
21 

92 
86 
89 

94 
90 
89 

"91" 

89 
86 
92 
87 
93 
98 
98 
89 
(^ 

99 
91 

39 

Wayoesborongh 

Woodstock 

35 

48 

Texas: 

Abilene ...... 

73 

75 

23 
26 

80 
79 

14 
26 

83 
85 
80 

86 

32 

41 
40 

42; 

Austin  (1) 

46 
50 

«38 
45 

Austin  (2) 

Baird 

Belton 

74 
76 
70 
72 
77 
74 
88 
56 
69 
70 
68 

25 
22 

30 
31 
87 
24 
20 
9 
19 
20 
28 

77 

78 
74 
81 
88 
76 
86 
»67 

21 
18 
35 
27 
45 
18 
33 
1    8 

Brady.... ».. 

81 
78 
83 
85 

81 

35 
40 
44 
47 
36 

:» 

Brazoria 

51 
50 
59 
44 

Brenbam.  .............. 

Brownsville 

Brownwood  ............ 

Camp  Eagle  Pass 

Camp  Peua Colorado  ... 
Cedar  Hill 

46 

86 
74 
78 
84 

34 
35 
34 
41 

42 
44 

46 

48 

*41 

57 

82 

86 

..... 
•93 
83 

46 
50 
50 
2 
60 

Clebnrne 

76 
74 
54 
76 

20 
24 
14 
36 

College  Station... ...... 

Colorado 

Colombia  Station 

72 

33 

78 

45 
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Jane. 

July. 

Aiigast. 

September. 

October. 

Noyember. 

Deoember. 

• 

• 
0 

3 

• 

• 

3 

• 

1 

0 

• 

a 

■ 

8 

• 

a 

• 

s 

a 

• 
a 

• 

s 

• 

H 

■ 

o 

6 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

88 

48 

90 

60 

91 

55 

89 

41 

82 

32 

75 

22 

73 

25 

80 

90 
96 
87 

40 
45 
54 

86 
96 

88 

68 
56 
65 

88 
90 
87 

46 
46 
51 

82 
78 
80 

34 
34 
38 

78 
74 
75 

29 
25 
25 

97 
89 

58 
68 

76 

27 

«  *  •  • 

83 
91 

43 
62 

88 
94 

55 
64 

67 

25 

«  «  •  •  • 

89 

60 

"  90* 

45 

80 

33 

73 

24 

•  •  «• 

98 

43 

100 

59 

97 

54 

94 

44 

83 

30 

76 

22 

76 

23 

•  •  •  * 

89 

43 

95 

65 

90 

62 

91 

44 

83 

34 

72 

26 

76 

27 

83 

83 

52 

88 

67 

86 

61 

86 

44 

80 

37 

71 

27 

71 

30 

73 

83 
90 
82 

44 
43 
41 

86 
93 
86 

61 
62 
62 

87 
92 
81 

52 
64 
55 

88 
91 
83 

42 

46 
41 

84 
76 

34 
27 

77 

74 

20 
20 

68 

21 

77 

94 
97 

65 
56 

90 
94 

60 
54 

90 
90 

43 

38 

82 

32 

26 

72 
72 

23 
24 

9d 

38 

76 

20 

91 

84 

44 

88 

63 

84 

55 

86 

38 

77 

27 

70 

21 

68 

18 

80 

90 

88 

44 

44 

93 
92 

58 
60 

88 
86 

55 
56 

87 
89 

37 

40 

82 
80 

28 

30 

75 
74 

26 
21 

. 

72 

22 

80 

86 
88 

38 

48 

88 
95 

34 
43 

96 

63 

91 

59 

86 

29 

75 

23 

74 

23 

88 

87 
78 

51 
44 

91 

84 

65 
66 

90 
88 

88 
88 

62 
55 

58 
62 

90 
88 
86 
91 

42 

45 
36 
46 

71 

25 

74 

22 

81 
76 
77 

29 
32 
38 

64 
74 

20 
24 

70 

78 

32 

28 

94 

46 

92 

66 

•  •  «  • 

87 
92 

50 
50 

86 
94 

1.9 
64 

86 
92 

64 
62 

87 
92 

43 
51 

76 

64 

29 
38 

66 
77 

20 
24 

76 

28 

•  •  •  • 

96 
90 

44 
46 

96 
92 

60 
62 

94 
92 

54 
57 

94 
91 

40 
44 

84 
86 

30 
31 

78 
76 

21 
22 

76 

23 

•  •  •  • 

88 

46 

93 

62 

90 

58 

91 

40 

83 

30 

74 

23 

73 

25 

81 

90 

37 

93 

58 

87 

56 

90 

38 

8;^ 

26 

74 

23 

74 

20 

86 

86 

41 

91 

62 

87 

56 

88 

42 

78 

32 

70 

24 

75 

22 

80 

88 

43 

89 

59 

86 

57 

89 

37 

62 

26 

78 

22 

74 

21 

81 

87 

44 

93 

68 

fj6 

60 

90 

43 

73 

30 

73 

21 

67 

20 

a5 

84 

48 

89 

62 

86 

59 

85 

42 

78 

31 

70 

19 

69 

22 

90 

46 

92 

62 

93 

m 

92 

46 

80 

30 

80 

23 

75 

24 

92 

46 

94 

60 

90 

58 

94 

41 

82 

31 

75 

22 

72 

17 

88 
87 

59 
65 

69 

84 

55 
62 

86 
»85 

43 

«49 

83 
77 

30 
32 

73 
67 

22 

21 

74 

i67 

24 

i27 

85 

"iV 

89 

50 

97 

68 

95 

64 

94 

46 

81 

31 

78 

28 

76 

26 

87 

82 

42 

85 

61 

85 

59 

90 

42 

80 

28 

72 

20 

77 

20 

72 

95 
94 

54 
58 

96 
98 

71 
64 

95 
100 

69 
&3 

92 
96 

50 
43 

90 

42 

74 

26 

78 

24 

86 

95 

60 

99 

72 

99 

70 

92 

51 

89 

42 

79 

34 

80 

36 

73 

92 

62 

96 

72 

100 

68 

90 

58 

87 

36 

78 

34 

80 

36 

•  •  •  A 

88 
94 
95 

60 
59 

58 

"i63* 
97 

70 
70 
65 

98 

100 

97 

69 
62 
62 

94 
93 

53 
46 

94 
87 

34 
36 

84 
79 

27 
i22 

79 

26 

79 

89 

58 

93 

70 

90 

68 

88 

55 

86 

39 

79 

30 

79 

42 

63 

96 

61 

101 

72 

98 

65 

94 

56 

88 

43 

82 

33 

80 

36 

74 

91 

68 

94 

74 

93 

72 

90 

56 

89 

49 

85 

38 

82 

50 

57 

92 

56 

101 

66 

100 

63 

93 

42 

91 

36 

76 

26 

79 

28 

83 

106 

55 

101 

69 

102 

67 

99 

50 

94 

44 

86 

26 

88 

31 

102 

53 

102 

59 

101 

55 

m 

33 

•86 

35 

80 

18 

79 

15 

94 
88 
99 

59 
60 
58 

99 

94 

104 

f9 
70 
71 

97 
102 

69 
63 

86 
94 

42 
57 

82 
97 

32 
43 

72 

as 

20. 
32 

87 

35 

104 
96 

63 
68 

79 
80 

24 

30 

82 
80 

22 
43 

'"W 

67 

96 

72 

90 

64 

86 

39 

66 

J 
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Tablb  of  Maximum  and  Minimum  Txmpbratubms  anb 


January. 

Febrnary. 

March. 

ApriL 

May. 

StatioDi, 

• 

M 

1 

o 

73 
75 

• 
a 

o 

34 

24 

• 

• 
a 

• 

• 

a 

1 

• 

• 

1 

• 

3 

Texas— Continned. 

CorDos  Christi.  ••.•••  •- . 

o 

76 
77 

o 

42 

19 

o 

81 
87 

o 

45 
36 

o 

63 

92 

0 

58 
47 

0 

84 
94 
91 
90 

89 

0 

56 
43 
66 
44 
43 

COniOADA     ..,r*r...ir«-.-- 

Coero  .•«••.......•..... 

Dallas. 

Deoatar..... 

75 

16 

73 

16 

83 

31 

90 

43 

Doval......  ............ 

£1  Paso 

67 

20 

72 

18 

85 

29 

93 

40 

97 

45 

Epworth •.... 

Forestbnrgh 

36 
31 
44 
28 
35 
28 
23 
21 
18 
38 
38 
2S> 

"95' 
92 
95 
95 
86 
88 
88 
97 
96 

101 

52 
38 
55 
34 
44 
36 
33 
35 
32 
48 
51 
41 

"98* 
89 
94 
99 
93 
98 
98 

101 
96 

100 

"87* 
91 

92 

58 
45 
56 
48 
48 
40 
34 

:{5 

31 
50 
55 

41 
49 
40 
43 

Fort  Bliss 

67 
*76 
70 
75 
62 
61 
60 
77 

20 
«35 
11 
21 
11 
4 
15 
10 
28 
25 
22 

76 
89 
84 
81 
68 
75 
76 
83 
87 
95 
79 

18 
44 
25 
17 
23 
3 
1 

10 
37 
38 
19 

85 
85 
84 
85 
78 
78 
80 
89 
84 
88 
79 

Fort  Brown 

Fort  Clark 

Fort  CoDcho............ 

Fort  Davis 

Fort  Elliott  (1) 

Fort  Elliott  (2) 

Fort  HanoocK  .......... 

Fort  Mcintosh. 

Fort  Rinffffold..... 

92 

Fort  Worth 

Fredericksbnrirh ........ 

Gainesville  ............. 

75 

85 

14 
31 

Gallinas..... 

82 

22 

86 

97 

90 

45 

Graham...... .......... 

Hartley 

Heame ...... 

88 
90 
88 
90 
90 
97 
91 
92 
»91 

"92" 
97 

90 
88 

45 
48 
45 
48 
41 
43 
46 
48 
60 
53 
43 
52 
50 
48 

Houston.  .............. 

70 

27 

77 

30 

88 
88 

58 
44 

Howe  .................. 

78 
80 

83 

85 

32 
40 
41 
37 
35 
40 

Hnntsville 

69 

26 
27 
22 
24 
28 

80 

80 
74 

28 

26 

124 

26 
30 

La  Grange 

"95* 
88 
91 

56 
47 
47 
50 

Lampasas 

76 
68 
76 

Longview .............. 

Lolinir 

Menardyille 

Merkel 

44 

48 
44 
53 
50 

Mesqaite 

74 

78 
70 
70 

18 
25 
30 
25 

78 
74 
81 
80 

18 
30 
27 
24 

88 
78 
83 
82 

34 
40 
42 
38 

90 
90 

84 
87 

New  Brannfels 

NewUlm 

Palestine 

Panhandle  ............. 

Panter  (Granbnry) 

Paris 

75 

24 

76 

20 

86 

30 

88 

49 

89 

86 

102 

96 

5S 
39 
44 
59 

Pecos  City 

85 

84 

33 
44 

94 
96 

46 
54 

Bio  Grande  City 

Boond  Rook 

88 

30 

92 

40 

San  AntoDio  (1) 

San  Antonio  (2) 

Silver  Falls 

80 
80 
64 

28 
29 
11 

81 
81 
78 
55 

33 
33 

»»8 
11 

84 
84 
89 

40 
40 
28 
34 

87 
87 
189 

49 
49 
34 
44 

""88* 

98 

101 

89 
91 
90 

88 
99 
91 
85 
89 

46 
48 
34 
41 
42 
42 
43 

36 

91 
39 
89 
90 

Snyder 

Tyler 

67 
75 

22 
28 

Waco 

77 

21 

80 

33 

90 

47 

Weatherford 

Utah: 

Beaver 

Bine  Creek..... 

36 
46 
41 
38 

5 
—  4 

5 
--21 

49 
54 
53 
45 

9 

2 

9 

-15 

70 
71 
70 
71 

32 
34 
32 
17 

94 
88 
83 
84 

40 
42 

i6r 

94 

Corinne ................ 

Fort  Donglas 

Fort  Da  Chesne  (1) 
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Aunuai*  Bamox  ov  Tbmpbbatubbs  fob  1889j  btc.— Continaed. 


June. 

Jnly. 

Angiut. 

September. 

October. 

NoYember. 

December. 

1 

• 

3 

1 

• 

i 

• 

• 
a 

a 

■ 

.a 
0 

1 

• 

• 

a 

i 

• 

1 

i 

1 

o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

91 

69 

91 

74 

94 

70 

88 

56 

88 

54 

88 

40 

80 

46 

60 

94 
93 
94 

54 

78 

60 

98 
100 
100 

68 
70 
70 

100 

68 

98 
94 
94 

58 

SOT 

50 

90 
90 
98 

38 
34 
38 

76 

88 

78 

86 
30 
88 

98 

64 

84 

30 

»  •  •  • 

91 

56 

98 

64 

96 

68 

94 

46 

88 

39 

79 

84 

80 

84 

88 

96 

60 

104 

76 

108 

70 

94 

58 

89 

48 

80 

38 

88 

31 

•  «  a  • 

104 

54 

104 

65 

103 

63 

100 

48 

89 

89 

76 

86 

76 

19 

86 

89 

58 
64 

88 

50 
64 

74 

86 
38 

75 

85 
38 

68 

"ts 

•  «  •  •  • 

70 

•  »  •  • 

i65 

53 

107 

65 

105 

68 

ioi 

41 

90 

39 

76 

84 

78 

80 

89 

93 

65 

95 

71 

95 

70 

98 

55 

91 

51 

83 

37 

85 

50 

*  »  •  * 

103 

60 

98 

65 

100 

66 

96 

46 

90 

40 

89 

34 

94 

37 

98 

96 

50 

96 

65 

96 

60 

90 

33 

84 

50 

78 

80 

80 

17 

85 

99 

43 

106 

51 

100 

58 

95 

41 

95 

35 

88 

18 

88 

11 

103 

96 

49 

.108 

58 

100 

60 

98 

41 

94 

35 

81 

17 

81 

18 

107 

106 

43 

111 

54 

110 

58 

97 

83 

89 

88 

80 

13 

80 

16 

101 

104 

59 

104 

67 

105 

68 

97 

49 

91 

44 

81 

38 

K< 

35 

77 

108 

68 

110 

70 

109 

65 

99 

49 

99 

48 

91 

89 

90 

43 

85 

91 

59 

»95 

67 

95 

6:^ 

91 

47 

90 

38 

76 

88 

80 

38 

76 

93 

64 

96 

68 

97 

6:^ 

98 

58 

86 

41 

74 

88 

79 

31 

•  •  •• 

93 

99 

68 
54 

•96 
101 

«66 
65 

89 
96 

44 

51 

100 

68 

94 

35 

h:{ 

86 

m 

34 

79 

•»93 

•59 

100 

64 

101 

55 

97 

41 

98 

36 

76 

81 

80 

85 

•  •  «p  ■ 

110 

98 

50 
68 

105 
96 

31 
68 

108 
90 

38 
58 

98 

88 

84 
34 

80 

78 

8 
88 

85 

78 

11 
33 

90 

58 

•  *•• 

93 

56 

97 

78 

96 

66 

98 

54 

86 

36 

86 

88 

83 

40 

•  «  »  « 

93 

61 

98 

64 

96 

63 

93 

47 

88 

38 

84 

28 

78 

86 

•  «  •  • 

76 

57 

99 

71 

96 

63 

96 

51 

90 

37 

81 

30 

80 

36 

•  •  •  • 

60 

69 

91 

60 

58 

34 

28 

46 

•  *  *  • 

9i 

55 

98 

69 

97 

66 

<»9i 

50 

91 

36 

78 

86 

79 

88 

76 

94 

68 

100 

70 

96 

60 

96 

58 

88 

34 

80 

86 

80 

38 

76 

96 
101 

"'99' 

60 
64 
60 
68 

100 

70 

98 
96 

'166' 

66 
63 
72 
61 

94 
93 

"94" 

54 

50 
44 
44 

90 
88 

88 

40 
43 
45 
36 

78 
76 

30 
87 

77 

87 
84 
89 

"99" 

61 
66 

78 

84 

81 

88 

100 

54 

101 

69 

100 

67 

90 

54 

88 

40 

84 

30 

79 

37 

76 

93 

60 

97 

70 

96 

67 

98 

54 

98 

43 

84 

31 

80 

37 

70 

91 

55 

99 

70 

99 

65 

90 

53 

89 

38 

77 

88 

80 

31 

75 

101 
98 
'98 
104 
106 

65 
78 
64 
63 
69 

95 
96 
9|) 
90 
98 

36 
50 
50 
55 
54 

k91 
87 
88 
86 
94 

35 
48 
36 
40 
46 

73 

76 

16 
31 

•77 
81 
78 

12 
31 
88 

91 

94 

104 

104 

68 
48 
55 
66 

100 
104 
104 

66 
59 
76 

63 
89 

86 
33 

88 

46 

76 

96 
98 

56 
58 

98 
91 

88 
48 

"79' 

88 
31 

84 
88 

38 

35 

95 

58 

98 

68 

95 

67 

70 

104 

57 

106 

67 

106 

56 

100 

30? 

100 

34 

85 

85 

84 

35 

81 

m 

«53 

:104 

56 
63 

68 

108 

"98* 

57 

70 
60 

96 
''"94' 

38 
68 
50 

94 

38 
44 
38 

88 

19 

84 

14 

96 

96 

56 

100 

88 

86 

78 

43 

•  •  •  • 

96 

58 

100 

70 

100 

64 

94 

50 

94 

36 

88 

88 

78 

31 

79 

94 

65 
48 

100 
97 

64 
48 

100 
98 

58 
44 

87 

87 

88 

88 

65 

18 

55 

6 

•  •  •  • 

99 

61 

109 

68 

104 

58 

93 

45 

88 

38 

59 

83 

49 

15 

104 

97 

58 

105 

68 

103 

58 

90 

38 

85 

38 

58 

88 

58 

5 

109 

96 

50 

108 

48 

98 

46 

87 

38 

89 

88 

59 

1124 

57 

11 

97 

96 

37 

103 

44 

100 

41 

90 

88 

65 

88 

55 

6 

50 

4 

184 

^ 
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Tabue  ov  Maximum  ahp  MnnMOM  Tsmpkrathsss  jjtd 


January. 

Febmary. 

March. 

Apnh 

Mmj. 

Stations. 

• 

o 

38 

45 

» 

3 

o 

—22 
-12 

i 

0 

45 
56 

• 

s 

0 

—17 
0 

■ 

• 

s 

m 

a 

s 

i 

• 

0 
S 

Utah — Continned. 

Fort  Da  ChesDe(2) 

Kelton 

0 

71 
73 

0 

15 
32 

0 

84 
88 

0 

23 
34 

0 

90 
92 
90 

c 

30 
33 

38 

liOMO  ..........  ........ 

Moab 

Mannt  narrnAl . 

MoQDt  Pl^Mant  . ...... . 

Neohi 

..... 

93 
96 
84 

99 
35 
30 

Ofrden  (1) 

44 

42 

—  4 

—  2 

54 

60 

10 

4 

74 

70 

30 
22 

82 

82 

30 

Ptomontorv 

Rlehfield 

St.  Geonre. .-. ... 

Salt  Lake  City 

44 
60 
39 

54 
54 

56 
44 
49 
54 

■5' 
8 
—10 

—  3 

1 
0 

—  8 
10 

—1ft 

51 
65 
50 

43 
44 
45 
42 

8 
—  2 

0 

-18 
—14 
—15 
—21 

"68 

32 

84 

32 

87 

34 

Tavlor'a  Banoh ......... 

Terrace 

68 

63 
62 
52 
53 
52 
54 

35 

10 
13 
13 
10 
4 
2 

80 

82 
83 
78 
70 
72 
80 

35 

23 
26 
25 
24 
19 
18 

90 

93 
92 
90 
82 
94 
94 

■■40  j 

TermoDt: 

Brattleboro(l) 

1 
30 

Brattleboro  (2) 

32  , 

BorliDirton . ...... ...... 

37 

Chelsea 

36 

Coyentrj ............... 

29! 

East  Berkshire 

56 

—35 

S9 

Hartlaud 

Jaoksonville 

52 
58 
54 
57 
52 
52 
50 
52 

—  2 

0 

2 

—10 

—14 

—11 

4 

—  6 

52 
50 

—30 
—26 

59 
72 

6 

8 

81 
78 

18 
18 

92 
95 
90 
90 
92 
92 
90 
94 

89 
89 
87 
97 
83 
96 
92 
94 

27 

33 

Lanenhurffh  . .......... 

Manchflst^T- ............ 

38 

Northfield 

48 
42 
47 
40 
44 

— 3i 
—31 

—28 
—20 
—20 

55 
52 
61 
54 
62 

8 
—  2 

4 
10 
14 

76 
75 

81 
74 
78 

82 
86 
76 
68 
79 
88 
61 
83 

18 
18 
19 
24 
28 

28 
33 
24 
33 
26 
22 
35 
30 

31 
31 
31 
36 
3S 

38 
50 
30 
47 
31 
32 
44 
38 

St.  Johosbary .......... 

Sax  ton's  River 

Stiafford 

Vernon. ...... ......  ...* 

Virginia : 

Alom  SDrinm. ...... .... 

Birdsnest  .............. 

64 

24 

53 

8 

66 

29 

Bolar 

Cape  Henry 

67 
57 

6r, 

64 
65 

29 
14 
10 
23 
18 

71 

16 

70 
63 
72 
70 
70 

31 
22 

26 
31 
26 

Christiansbargh 

Dale  Enterprise 

Fort  Monroe ............ 

67 
63 
52 

1 

15 

2 

Fort  Mver  ••..•• ...... .. 

Lexinirton ........... 

Lynchbnreh 

69 
60 

18 
10 

66 
62 

7 
6 

77 
«72 

28 
122 

89 
80 

28 
24 

95 
88 

28 

Marion ................. 

Middletown ............ 

Mossinffford ...... ••.... 

•  •••  -( 

Norfolk 

67 

24 

71 

16 

70 

29 

69 

36 

93 

46 

Nottaway  C.  H 

Petersbarcrh 

65 

21 

62 

• 

10 

65 

29 

81 

33 

89 

41 

Richmond .............. 

Smilhfield 

68 
66 

21 
•20 

60 
60 
54 
61 

60 

10 

10 

2 

10 

23 

74 
72 
€7 
73 

67 

28 
30 
21 
24 

32 

90 
88 
83 

35 
32 

30 

87 
94 
88 
97 

80 

41 
41 
34 
33 

38 

Spottsville 

Snmmit ................ 

Wytheyille 

58 
50 

18 
25 

Washington : 

Blakeley •• .. . 

77 

35 

Fort  Canby  (1) 

FortCanby(2) 

57 
40 
5X 

32 

—  8 

25 

68 
55 
60 

30 

0 

24 

70 
70 
65 

41 
23 
35^ 

65 
83 
7» 

41 
29 
35 

78 
89 
78 

43 

36 

Fort  Spokane..... 

Fort  Townsend , . . . 
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Annual  Rangb  of  TsMPBRATtTRBS  vor  1889,  btc.— CoDtinaed. 


June. 

July. 

August. 

September. 

October. 

November. 

December. 

• 

• 

• 

• 

• 

• 

& 

a 

B 

s 

9 

a 

8 

d 

s 

a 

mm4 

s 

0 

s 

a 

J 

s 

a 

% 

S 

s 

S 

a 

% 

s 

* 

s 

S 

kp« 
^ 

S 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

0 

0 

97 

35 

103 

42 

101 

89 

91 

27 

85 

20 

55 

4 

60 

3 

125 

99 

61 

110 

65 

106 

60 

87 

44 

86 

31 

56 

16 

56 

—  4 

122 

96 

50 

102 

69 

98 

56 

89 

38 

85 
91 
86 
72 
89 

29 
28 
31 
27 
25 

58 
71 

55 

10 
9 

14 
8 

14 

58 

4 

•  •  •  • 

88^ 

51 

87 
"75 
106 

52 

"38 
42 

86 
69 
91 

32 
25 

25 

"43' 
55 

18 

5 

12 

102 

32 

106 

:« 

»  •  •  • 

98 
90 

45 

48 

98 
100 

62 
55 

100 

108 

50 
52 

82 

88 

32 

40 

56 
60 

20 
18 

54 

66 

18 
0 

84 

30 

110 

96 
111 

42 
63 

87 
102 

26 
46 

85 
99 

26 
34 

62 
72 

7 
25 

57 

68 

10 
22 

107 

58 

115 

66 

•  •  •  • 

97 

47 

102 

52 

98 

45 

84 

35 

86 

30 

61 

26 

57 

11 

97 

99 
104 

46 
67 

100 
102 

41 
60 

88 
85 

30 

48 

88 
75 

23 
40 

53 
70 

4 
22 

48 
55 

—  3 
0 

90 

65 

114 

89 

41 

88 

47 

85 

46 

84 

32 

71 

19 

61 

12 

62 

2 

111 

85 
82 

43 
44 

84 
88 

50 
52 

81 
83 

47 

48 

82 

82 

33 

38 

70 
60 

21 
22 

61 
59 

16 
20 

55 

0 

105 

77 

44 

76 

54 

76 

48 

75 

35 

57 

16 

54 

11 

50 

—  7 

103 

92 
88 

44 
36 

92 

42 

86 

39 

88 

27 

62 

12 

56 

12 

52 

—  7 

129 

84 
84 

35 
29 

69 
67 

13 
13 

59 
60 

12 

13 

56 
56 

—  8 

—  2 

88 

35 

88 

42 

88 

39 

122 

95 

37 

92 

50 

94 

48 

83 

32 

68 

15 

68 

0 

50 

—15 

121 

86 

48 

86 

54 

86 

50 

82 

42 

64 

23 

62 

16 

56 

0 

•  •  •  • 

85 

34 

85 

43 

83 

40 

83 

30 

63 

12 

58 

12 

55 

—12 

122 

89 

36 

82 

44 

80 

43 

80 

31 

60 
70 
60 

13 
13 
22 

60 
63 
54 

10 
11 
16 

50 

-10 

123 

86 

42 

82 

54 

82 

46 

80 

34 

50 

—  8 

110 

96 

48 

04 

56 

82 

52 

82 

36 

68 

22 

64 

10 

58 

0 

116 

86 
90 

50 
59 

88 
90 

60 
67 

89 

62 

87 

48 

83 

41 

73 

31 

73 

27 

82 

90 

34 

87 

50 

81 

46 

80 

32 

78 

22 

64 

16 

61 

12 

■  M  «  • 

91 

58 

94 

64 

92 

59 

92 

50 

81 

40 

79 

32 

74 

30 

81 

86 

38 

92 

54 

83 

49 

84 

33 

76 

30 

73 

19 

67 

18 

« •  •  • 

96 

42 

103 

54 

a5 

34 

87 

38 

80 

26 

75 

19 

72 

19 

102 

92 

54 

92 

65 

90 

63 

86 

42 

78 

38 

74 

29 

69 

29 

77 

92 

47 

95 

55 

90 

53 

86 

40 

80 

32 

70 

25 

71 

20 

93 

90 

42 

92 

49 

87 

48 

86 

32 

79 

26 

74 

21 

72 

15 

•  •  V  • 

92 

45 

96 

59 

89 

53 

87 

42 

81 

33 

73 
72 
67 

"78' 

24 
19 
20 
27 
27 

73 
67 
72 

• 

"74' 

21 
13 
17 
20 
28 

89 

91 
85 
90 

52 
58 
61 

88 

40 

76 

33 
36 
40 

94 

55 

98 

63 

88 

46 

81 

82- 

92 

84 

36 
43 

82 
79 

30 
35 

80 
73 

18 
24 

76 
73 

15 
23 

90 

51 

90 

60 

89 

58 

80 

89 
85 

41 
43 

87 
82 

31 
35 

74 
76 

22 

28 

76 
74 

21 
24 

88 

50 

90 

61 

86 

57 

80 

98 

48 

96 

58 

92 

55 

90 

42 

80 

32 

74 

25 

72 

21 

88 

90 

42 

90 

52 

86 

50 

85 

34 

78 

27 

70 

24 

69 

15 

•  • « • 

89 
83 

39 
42 

79 
91 

49 
45 

78 
87 

43 

44 

67 
80 

26 
36 

70 

38 

62 

.32 

52 

24 

68 

80 
72 

47 
50 

90 

86 

40 
46 

72 

70 

46 
44 

66 

38 
38 

56 
56 

32 
31 

83 

49 

80 

50 

53 

95 

41 

102 

41 

94 

39 

91 

25 

86 

31 

57 

22 

45 

—  3 

no 

^ 

41 

88] 

44 

76 

42 

78 

35 

68 

36 

60 

31 

49 

24 

64 
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Table  oy  Maximum  ajstd  Mindium  Tsmpxbatubxs  a5d 


Jannary. 

February. 

March. 

April. 

May. 

StatioDB. 

1 

• 

1 

• 
a 

• 

p 

3 

» 

1 

a 

• 

s 

• 

i  . 

Washinffton — Contioaed. 

Fort  Walla  WaUa 

NeahBav 

o 

49 
57 
50 
50 
48 
40 
55 

o 

8 
28 
22 

26 

26 

2 

19 

o 

64 
55 
62 
54 
56 
53 
63 
60 
63 

57 

o 

18 
24 
20 
29 
26 
6 
20 
23 
19 

8 

o 

72 
62 
73 
59 
61 
72 
72 
70 
72 

64 

o 

30 
36 
31 
30 
32 
25 
28 
34 
32 

17 

1 

o 

84 
67 
79 
64 
64 
79 
80 
80 
84 

0 

34 
36 
31 
32 
32 
81 
31 
34 
36 

0 

93 
72 
89 
72 
72 
86 
86 
83 
91 

0 

40 
38 
35 
38 
36 
38 
41 
39 
42 

OlTmoia  .........•••.•. 

Pftrt  AnorAlAfi ----- 

Pvsht 

Snokane Falls  .......... 

vanoonTer  Barraoks — 
Vashon  ....«•  r^.-*--^ 

WaUa  Walla 

52 
60 

11 
8 

West  Yirgrinia : 

Clarksbarffh  ••..••  •.  •• . 

Ella 

44 

42 
31 
32 
40 
45 

Kinirwood...... ........ 

82 

89 
91 
84 
93 

Par  kersburKh  ( 1 ) 

Parkersbargh  (2) 

Pleasant  Hul 

58 
60 

17 
17 

59 
61 

5 
4 

73 

74 

22 
24 

83 

85 

24 
23 

RiTesville 

Rowlesbnrffh 

SeveD  Pines ............ 

87 

42 

Tannery ................ 

Tvler  Creek ...... ...... 

67 

20 

—10 
-8 
—10 

—  5 

—  2 

54 

"ii' 

40 

5 

—12 

-18 
—36 

75 

"69' 
65 
64 
64 

30 

20 
13 
12 
16 
23 

85 

'"78* 
80 
75 
69 

31 

30 
23 
24 
23 
28 
22 
28 
24 
23 

96 

"89" 
85 
84 
82 

83 

82 

80 
84 

32 

38 
32 

38 
96 
34 
34 
34 
28 
30 
25 
33 

Wisoonsiu : 

Cadiz 

Delevan ................ 

46 
44 
43 
43 

Embarrass  ..•••-....... 

Fond  dn  Lao ........... 

Fredonia ............... 

3S 

-18 

Friendshin ............. 

OlasflTOW  ............... 

-21 

23 

62 
78 
74 

Orantsbnrorh  ........... 

Oreen  Bav  ....... ...... 

43 

—  2 

35 

—24 

61 

16 

Greenwood ............. 

Hav  ward ............... 

62 

-  2 

78 

20 

Honev  Creek ........... 

Horicon ......  ......... 

La  Crosse  .............. 

45 

—  7 
8 

—  2 
3 
3 

43 

—23 

67 

19 
20 
'  19 
17 
20 
10 
16 
24 
10 
15 
11 

81 

"72" 

77 
74 

24 
29 
26 
22 

28 

83 

"82* 
76 

84 

34 
38 
34 
28 
33 

Linooln  ................ 

Madison ................ 

42 
45 
50 

37 
44 
40 

—20 
—21 
—16 

65 
63 
63 
66 
61 

Manitowoc 

Milwaukee ............. 

Millsville 

Osbkosh 

43 

—  4 

34 

—24 

77 

"so" 

22 

30 
16 
18 
20 

85 
"82* 

30 
42 
32 
30 
26 

Richland  Centre 

Snmniit  La'ke. ...... ..-. 

76 

Viroqna ................ 

Wanconsta ............. 

—  3 

—22 

W  ausaa ................ 

Wanzeka 

Weston 

-10 

0 
-24 

—  5 

— «8 
2 

—  6 
— IH 
-19 

54 
51 
49 
56 
5d 
58 
47 
51 

—27 

—16 
—18 
—23 
—21 
—13 
—14 
—21 
-24 

62 
62 
57 
72 
63 
64 
63 
65 

18 

15 

10 

7 

14 

12 

12 

7 

8 

•  •  •  • 

72 
74 

73 
82 
72 
72 
74 
74 

26 

22 
20 
17 
24 
29 
28 
22 
20 

78 

"si' 

88 
81 
77 
81 

7a 

34 

24 

20 

20 

29 
30 
27 
23 

Wyoming : 

Chevenne  .............. 

51 
40 
53 
54 
47 
52 
44 
43 

Fort  Brideer 

Fort  D.  A.  Rnssell 

Fort  Laramie 

FortMcKinney(l) 

Fort  MoKiuney  (2) 

Fort  Washakie  (1) 

Fort  Washakie  (2) 
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Annual  Range  of  Temperatures  for  1889,  etc.— Continned. 


Jane. 

July. 

Augast. 

September. 

October. 

November. 

December. 

• 

• 

a 

i 

• 

• 

eS 

• 

■ 
CS 

• 

a 

• 

H 

• 
a 

• 

8 

• 

a 

• 

• 
a 

• 

0 

u 

t 

el 

^ 

0 

0 

:^ 

^ 

3 
0 

S 

:^ 

S 

:^ 

s 

S 

S 

:s^ 

M 

o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

99 

45 

102 

48 

97 

45 

90 

34 

79 

35 

63 

23 

51 

8 

94 

74 

40 

72 

44 

73 

44 

68 

39 

67 

39 

60 

32 

58 

26 

50 

90 

40 

90 

42 

81 

42 

85 

34 

74 

37 

60 

29 

51 

21 

70 

76 

37 

83 

41 

70 

42 

72 

32 

64 

32 

60 

30 

48 

28 

57 

76 
91 

40 
40 

79 
96 

42 
44 

75 
90 

44 

41 

74 
86 

36 
26 

64 

86 

37 
31 

59 
53 

31 
22 

42 

—10 

106 

88 

50 

95 

52 

85 

41 

90 

34 

75 

37 

67 

28 

53 

20 

76 

90 
100 

47 

47 

92 
100 

48 
50 

82 
95 

48 
48 

88 
88 

42 

:^8 

74 

80 

43 
37 

65 
62 

38 
25 

54 

9 

91 

81 
80 

46 
55 

•86 
83 

•30 

40 

48 

91 

59 

70 

29 

66 

22 

66 

20 

89 

44 

90 

51 

92 

47 

93 

36 

TS 

26 

70 

10 

62 

20 

««  •  • 

87 

42 

94* 

54 

89 

48 

89 

35 

77 

24 

76 

23 

69 

16 

90 

84 

44 

90 

50 

82 

44 

84 

38 

78 

24 

80 

10 

62 

10 

•  *  •  • 

91 
'""96' 

48 
47 
50 

98 
""94" 

57 
57 
52 

92 
"'88* 

52 
54 

48 

26 
22 

'"76' 

17 
18 

63 

19 
12 

89 

34 

74 

•  V  •  • 

'"89" 

50 
41 

94 
98 

60 
60 

75 

88 

50 
60 

75 
76 

28 
31 

66 
73 

14 
21 

70 
79 

6 
20 

86 

40 

93 

*''*'* 

46 

58 

50 

30 

"73* 
75 

24 
21 
25 

"51' 

58 

10 
2 
4 

58 
48 

10 
2 

88 

46 

93 

56 

88 

55 

86 

35 

129 

85 

37 

90 

4rJ 

91 

44 

88 

28 

72 

19 

54 

0 

57 

8 

«  •  •  • 

90 

48 
48 
39 

•  •••"• 

"*84* 

92 

52 
59 
51 

"'79' 
86 

48 
57 
38 

"*86" 

32 
35 
31 

"77' 

22 
24 
21 

13 
—13 

56 

—  3 

46 

•  ««  « 

85 

40 

90 

50 

90 

43 

86 

23 

65 

26 

54 

6 

50 

6 

114 

89 

36 

92 

37 

86 

32 

86 

21 

70 

16 

56 

—  5 

48 

—  5 

■••• 

95 

49 

105 

51 

102 
93 

54 
52 

88 
90 

40 
38 

74 
78 

28 
32 

18 
24 

54 
'57' 

2 

1 
5 

58 
'61 ' 

10 
10 

7 

88 

42 

92 

49 

91 

46 

90 

30 

79 

115 

41 

58 

55 

42 

34 

22 

24 

•  «  a  • 

83 

42 

92 

55 

90 

51 

90 

35 

76 

29 

51 

9 

60 

12 

112 

80 

36 

.  90 

48 

90 

45 

80 

31 

62 

26 

57 

6 

60 

8 

111 

83 

42 

90 

54 

90 

51 

83 

34 

74 

31 

f3 

12 

60 

14 

106 

96 

32 

104 

54 

98 

52 

96 

22 

78 

14 

54 

—  4 

48 

—  2 

•  *  *• 

88 
77 

40 
47 

54 
66 

10 
2 

56 
61 

8 
5 

61 

56 

38 

79 

14 

«  «  «  • 

92 

34 

95 

50 

94 

42 

90 

30 

86 

18 

80 

4 

58 

—12 

•  ««  • 

40 

54 

50 

28 

23 

14 

4 

mm  mm 

""^9* 

38 
41 

74 

45 

55 

20 
11 

**56' 

—  2 

0 

"49" 

6 
2 

89 

38 

88 

24 

77 

•  •  •  • 

102 
92 

56 
52 

42 

100 

30 

88 

28 

62 

10 

87 

46 
31 

94 
05 

42 
33 

87 

28 

81 

22 

61 

1 

60 

6 

lU 

23 

«:«:*» 

36 

93 

29 

84 

24 

80 

20 

54 

—  6 

47 

-19 

•  •  *  a 

92 

28 

10:.) 

30 

98 

'34 

92 

22 

94 

15 

62 

—  8 

64 

—  4 

123 

98 

39 

10() 

38 

102 

38 

97 

29 

91 

21 

61 

-  3 

70 

—  2 

127 

95 

37 

93 

42 

93 

40 

H3 

31 

83 

14 

64 

12 

58 

8 

108 

93 

36 

Uo 

41 

93 

:i7 

84 

31 

84 

21 

68 

10 

59 

3 

109 

90 

3J 

93 

41 

92 

:<6 

80 

27 

81 

23 

54 

6 

53 

—  8 

114 

90 

32 

94 

41 

93 

36 

79 

27 

82 

23 

^ 

4 

^ 

-10 

W8 

Up45— siq  90---^5 
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Tabub  of  Maximum  and  BIinimum  Tsmpebatuhbs  ahd 


January. 

February. 

March. 

1 

AprlL 

May. 

Stations. 

• 

• 

o 

• 

a 
o 

o 

55 
49 

• 

i 

• 

a 

i 

o 

13 
9 

a 

Wyoming— Continued. 

Luak 

o 

—14 
—15 

o 

65 

.66 

o 

73 
79 

o 

22 

9 

o 

78 
83 

o 

22 
22 

Pilot  Bntte,  Camp 

Rawlins  ................ 

35 

—30 

Saratoga 

Sheridan,  Camp 

Wheatland 

40 

—  7 

47 

40 

—15 

57 

48 

12 

69 
59 

19 

77 
72 

21 
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Annual  Bangs  of  Temperatures  for  1889,  etc.— Oontinaed. 


June. 

July. 

August. 

September. 

October. 

November. 

December. 

• 

• 

0 

37 
30 

• 

H 

eS 

• 

a 

• 

• 

a 

• 

K 

• 

s 

o 

27 
24 

o 

80 
83 

■ 

c 

o 

21 
11 

i 

o 

58 

48 

• 

Q 

i 

o 

—  4 

—ll 

s 

s 

• 

i 

1 

o 

95 
93 

O 

98 
97 

o 

40 
44 

o 

94 
97 

o 

38 
42 

o 

87 

85 

o 

58 
47 

o 

-8 
—15 

o 

•  •  •  * 

127 

79 
62 

23 

78 
79 
70 

20 

18 

58 
50 

—  6 
4 

66 
42 
46 

-20 
—  6 

, 

87 
81 

33 

91 
84 

32 

91 
85 

36 

106 

*Qiily  OdAjB. 
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18.01 
[81. 00] 
13. 25 
17.10 
13.90 
12.83 
[11.56] 
13.32 
15.39 
16.92 
12.78 
18.67 
81.38 
10.89 
16.23 
16.06 

1  r— 1 
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APPENDIX  14. 


AVXBAGX  YBLOCITT  OF  THE  WiND  FOR  BACH  HOUR  OF  tHR  DAT,  SKWHTT-FITTB 

FOR  THB  Ybars  1883  TO  1889,  IHCLUSiyZ, 

^  ABILENE,  TEX. 


• 

• 

. 

. 

• 

« 

• 

« 

• 

a 

* 

Date. 

a 

a 

a 

S 

a 

a 

a 

a 

a 

flB 

« 

« 

4 

« 

« 

« 

el 

el 

1^ 

ct 

CO 

^ 

kO 

CO 

r* 

30 

» 

1886  to  1889. 

Jan 

11.7 

U.3 

12.9 

11.1 

11.0 

10.8 

10.5 

10.3 

10.5 

10.6 

Feb 

11.0 

10.6 

10.5 

9.9 

9.5 

9.3 

9.8 

9.6 

8.7 

9.5 

Mar 

12.4 

12.2 

12.6 

12.0 

n.7 

11.6 

11.2 

11.4 

11.4 

13.0 

Apr 

12.2 

12.1 

12.1 

11.6 

10.8 

10.3 

10.0 

9.4 

10.7 

12.7 

May 

11.1 

11.1 

11.0 

10.6 

10.3 

9.7 

9.5 

9.6 

11.7 

13.7 

Jone 

9.9 

9.4 

9.0 

8.8 

8.6 

8.4 

7.5 

7.9 

9.3 

10.9 

July 

8.4 

8.1 

8.0 

7.7 

7.6 

7.1 

6.8 

7.0 

8.6 

10.3 

Aug 

9.3 

8.9 

8.6 

8.1 

8.0 

7.7 

7.5 

7.2 

&6 

10.7 

Sept 

7.5 

7.5 

7.2 

7.0 

6.7 

6.6 

6.8 

6.7 

6.9 

8.8 

Oof 

9.7 

9.4 

9.3 

8.8 

8.7 

8.5 

8.3 

8.1 

8.1 

9.8 

Nov* 

9.9 

9.8 

9.5 

9.0 

8.6 

8.5 

8.1 

8.3 

a2 

8.8 

Deo* 

10.3 

10.2 

10.0 

9.8 

9.7 

9.8 

9.4 

9.3 

9.5 

9,8 

Means 

10.38 

10.05 

10.06 

9.53 

9.27 

9.02 

a78 

a73 

9.35 

10.78 

ALBANTy  N.  T. 


1888  to  1889. 

Jan 

5.7 

5.3 

5.4 

5.5 

5.4 

5.2 

5.7 

5.9 

6.5 

7.3 

Feb 

5.8 

5.7 

5.7 

5.7 

5.7 

5.5 

5.3 

6.2 

6.8 

7.8 

Mar 

5.8 

5.8 

5.6 

5.7 

5.5 

5.6 

6.0 

6.8 

8.2 

9.3 

Apr 

May 

5.0 

5.0 

i.7 

4.5 

4.6 

4.7 

5.4 

6.4 

7,3 

7.7 

4.3 

4.0 

3.8 

3.9 

3.8 

3.9 

4.5 

5.8 

6.8 

7.2 

Jnne 

4.3 

3.9 

3.9 

4.2 

3.8 

3.8 

4.8 

5.8 

6.3 

a8 

July 

3.9 

3.6 

3.5 

3.3 

3.4 

3.6 

4.2 

5.2 

5.9 

6.6 

Ang 

3.6 

3w3 

3.4 

3.4 

3.3 

3.2 

3.8 

4.6 

5.3 

5.7 

Sept 

3.7 

3.4 

3.4 

3.5 

3.4 

3.4 

3.8 

4.6 

5.8 

6.5 

Oct .•. 

5.0 

4.9 

4.8 

4.6 

4.7 

4.6 

4.7 

5.4 

6.6 

7,4 

Nov 

5.9 

5.9 

5.8 

5.8 

5.8 

5.7 

5.9 

6.3 

7.3 

H.0 

Deo 

6.7 

6.6 

6.6 

6.7 

6.4 

6.1 

6.4 

6.4 

6.9 

7.7 

Means :.. 

4.96 

4.78 

4.72 

4.73 

4.65 

4.61 

5.04 

5.78 

6.64 

7.33 

*  Five  yeen' record. 


SEPOBT   OF   THE   CHIEF  SIGNAL   OFFICER. 


579 


APPENDIX  14. 


MsBiDiAN  Tnat,  CoMPUTBD  FROM  Self-Rbgistsring  Anbmombtbr  Records, 

■XORPT  WHEN  OTHERWISE  STATED. 

ABILENE,  TEX. 


• 

• 

>*  . 

a 

a 

a 

• 

a 

a 
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a 

a 

• 

a 

• 

a 

a 

a 

a 

'2S 

i 

• 

0, 

CO 

• 

• 
lO 

• 
CO 

• 

1^ 

00 

• 

o 

04 

1-^ 

2 

11.5 

11.5 

13.0 

14.7 

14.6 

14.7 

14.5 

14.5 

13.5 

11.9 

10.1 

10.4 

10.6 

11.4 

11.9 

11.4 

12.4 

13.7 

13.8 

14.0 

13.9 

13.7 

13.3 

12.6 

11.0 

10.4 

10.9 

11.4 

11.7 

11.4 

14.6 

14.9 

15.3 

15.2 

15.0 

15.1 

14.9 

14.8 

14.5 

12.6 

10.9 

11.2 

11.8 

12.1 

13.0 

13.8 

13.8 

14.2 

14.4 

14.7 

14.8 

14.8 

14.6 

14.8 

14.0 

12.1 

11.9 

11.8 

11.8 

12.6 

14.1 

14.0 

13,9 

13.5 

13.6 

18.9 

14.4 

14.6 

14.6 

13.4 

11.7 

10.9 

11.3 

11.2 

12.2 

11.5 

11.2 

1L5 

11.4 

11.5 

12.2 

12.5 

12.9 

13.0 

13.4 

11.9 

10.8 

10.0 

10.1 

10.6 

10.2 

9.8 

9.4 

9.1 

9.4 

9.6 

10.2 

10.7 

11.0 

10.9 

9.7 

8.3 

8.3 

ai 

8.9 

10.8 

10.4 

10.0 

9.8 

10.8 

10.9 

11.1 

11.5 

12.6 

12.3 

10.7 

9.6 

9.7 

9.4 

9.8 

10.5 

10.5 

10.9 

10.8 

10.9 

11.3 

11.6 

11.5 

11.7 

9.8 

8.3 

8.5 

8.4 

7.9 

8.9 

11.8 

12.5 

12.7 

12.5 

12.8 

12.7 

12.9 

12.7 

11.7 

9.5 

8.9 

9.2 

10.0 

9.9 

10.4 

10.7 

11.8 

11.8 

11.7 

12.1 

11.7 

11.7 

10.9 

9.2 

8.5 

8.5 

8.8 

9.3 

9.2 

9.8 

11.3 

12.5 

13.3 

13.5 

13.8 

14.0 

13.4 

12.5 

10.4 

9.4 

10.0 

10.1 

10.0 

10.2 

10.9 

11.85 

12.28 

12.62 

12.52 

12.78 

12.88 

12.96 

12.79 

12.33 

11.24 

10.29 

10.07 

10.28 

10.26 

10.86 

ALBANY,  N.  Y. 


7.8 

8.5 

a8 

a  6 

a7 

ai 

7.3 

a  8 

a4 

a  4 

a4 

ai 

ao 

a  9 

a? 

8.4 

as 

9.4 

9.6 

9.3 

9.2 

a  4 

7.9 

7.0 

69 

a  6 

a  6 

6.2 

a  4 

7.1 

9.8 

10.2 

10.3 

10.4 

10.7 

10.7 

10.2 

9.7 

a2 

7.8 

7.2 

7.2 

a  5 

a4 

7.8 

8.1 

a  2 

a8 

9.0 

9.4 

9.2 

9.0 

7.7 

7.2 

a4 

ai 

5.6 

5.5 

5.3 

a  7 

7.5 

7.9 

a  3 

a  8 

aa 

a7 

a  6 

7.8 

ao 

a2 

5.8 

5.4 

ai 

4.7 

a  2 

7.5 

7.9 

a2 

ao 

a5 

a4 

a2 

7.5 

a  4 

5.2 

4.8 

4.5 

4.4 

4.7 

5,9 

7.1 

7.6 

ao 

a2 

a2 

ai 

7  6 

7.0 

5.9 

4.9 

4.6 

4.6 

4.3 

4.0 

5.6 

6.3 

6.2 

7.0 

7.3 

7.5 

7.7 

7.2 

6.2 

5.1 

4.4 

4.2 

4.0 

4.1 

4.0 

5.0 

7.0 

7.4 

7.8 

ao 

8.0 

7.5 

a  8 

5.5 

4.6 

4.3 

4.2 

4.1 

3.9 

3.9 

a  2 

7.9 

ai 

a  2 

a  3 

a  5 

7.9 

7.0 

5.9 

5.6 

5.5 

5.2 

5.1 

4.9 

4.6 

ai 

ao 

art 

9.3 

ao 

a  7 

a  4 

7.5 

a  8 

a  6 

a  4 

a  3 

6.3 

ai 

ao 

7.0 

ai 

ao 

a4 

a4 

ai 

7.5 

a  7 

a4 

as 

6.3 

6.5 

a  5 

a7 

a  5 

7.0 

7.84 

a  13 

a  54 

a68 

a  70 

a  45 

7.89 

7.10 

6.35 

b.m 

5.66 

a  50 

a  31 

a20 

a35 

580 
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AVSBikOK  VkLOGITT  or  THS  WmD  VOS  XAGH  HOUB  OV  THB 

ALPENA,  MICH. 


Dftto. 


1863  to  1889 
Jan.. 
Feb.- 


Mar... 
Apr  ... 
May  .. 

Jane . . 
Jaly  .. 
Auk... 
Sept  .. 
Oct  ... 
Nov... 
X/eo  ■  a . 


Means 


a 


a 

■ 


9.7 

a9 

8.2 
7.3 
6.5 
5.3 
5.2 
5.6 
6.6 
8.3 
9.1 
6.6 

7.44 


9.6 
9.0 
7.9 
7.2 
6.4 
5.8 
5.0 
5.5 
6.5 
8.0 
8.9 
8.6 

7.32 


a 


eo 


9.4 
9.0 
7.6 
7.4 
6.4 
5.2 
5.0 
5.6 
6.4 
7.6 
8.8 
8.5 

7.25 


a 


9.2 

a8 

7.7 
7.4 
6.5 
5.0 
5.0 
5.6 
6.2 
7.8 
8.8 
8.3 

7.19 


i 

d 

to 


9.4 

a6 

8.0 
7.6 
6.7 
5.2 
5.2 
5.7 
6.6 
7.7 
8.6 

a7 

7.33 


a 

. 

08 
CO 


9.3 

8.7 

ao 

7.9 
6.7 
5.4 
5.5 
5.6 
6.6 
7.7 

as 

9.0 
7.43 


a 

08 


9.2 

as 

7.6 

ao 
a7 

5.7 
5.9 
5.5 
6.7 

7.6 
8.8 

a  9 

7.42 


a 

08 
00 


9.1 

as 
a3 

8.7 
7.9 
6.8 
6.7 
6.0 
7.2 
7.6 

ao 

9.2 
7.92 


a 


ao 
ao 

as 

9.7 

as 

7.8 
7.6 
7.1 

ao 
a7 

9.1 
9.5 

assi 


a 


9.5 
9.6 
9.9 
10.3 
9.6 

a7 
ai 

a2 

8.8 

9.6 

10.1 

9.9 

9.361 


FOBT  APACHE,  ARIZ. 


1863  to  1887. 

Jan* 

.     4.6 

4.5 

4.2 

4.1 

3.8 

3.7 

3.5 

3.2 

3.2 

3.1 

Feb* 

.     4.6 

4.4 

4.3 

4.0 

4.0 

3.7 

3.8 

3.7 

3.9 

3.9 

Mar- 

.     5.0 

4.5 

4.4 

4.7 

4.4 

4.5 

4.2 

4.0 

3.9 

as 

Apr 

May 

.     5.6 

4.9 

4.9 

4.5 

4.6 

4.5 

4.3 

4.1 

4.0 

4.5 

.     5.1 

4.5 

4.0 

3.9 

4.0 

4.1 

a9 

3.7 

3.7 

X6 

June 

.     5.1 

4.6 

4.2 

3.9 

3.9 

3.7 

3.6 

3.3 

3.3 

ao 

July 

.     4.5 

4.2 

4.2 

4.0 

3.6 

3.5 

3.3 

3.3 

3.2 

2.8 

Aug 

.     4.3 

4.3 

3.9 

4.0 

3.8 

3.6 

3.5 

3.3 

3.0 

2.9 

Sept 

.     4.4 

4.2 

4.0 

4.0 

3.8 

3.6 

3.5 

a6 

3.4 

a5 

Oct 

.     4.9 

4.5 

4.6 

4.2 

4.2 

3.9 

3.7 

3.7 

3,7 

as 

Nov 

.     4.2 

4.3 

3.8 

3.8 

3.5 

3.0 

3.0 

3.1 

2.8 

2.7 

Deo 

.     4.0 

3.8 

3.8 

3.6 

3.6 

3.4 

3.7 

3.7 

3.5 

a7 

Means 

.     4.69 

4.39 

4.19 

4.06 

3.93 

3.77 

3.67 

3.56 

3.47 

a40 

FOfiT  ASSINNIBOINE,  MONT. 


1883  to  1869. 

Jan 

10.3 

11.2 

U.3 

11.5 

11.8 

12.0 

12.1 

12.1 

12.3 

11.9 

Feb 

10.6 

11.0 

11.  n 

11.2 

10.9 

11.1 

11.2 

11.2 

11.4 

11.3 

Mar 

9.0 

9.2 

9.5 

9.5 

9.7 

9.8 

\t.& 

10.0 

10.4 

10.1 

Apr 

M^y 

9.5 

9.2 

a  7 

8.6 

a2 

a.8 

9.0 

a7 

9.2 

9.9 

9.6 

9.3 

9.0 

a  3 

8.2 

as 

as 

a4 

a  9 

10.3 

Jnne 

a8 

9.0 

a  4 

a  2 

ao 

7.9 

ao 

a4 

as 

9.5 

Jnly 

9.2 

9.3 

9.0 

as 

a  4 

a4 

ao 

a4. 

9.0 

10.3 

Aug 

6.8 

a4 

ai 

7.7 

7.9 

7.9 

7.6 

7.3 

7.0 

7.7 

Sept 

a  4 

as 

8.5 

a  6 

a4 

a  4 

a  3 

a  6 

as 

a7 

Oct 

9.5 

9.7 

9.7 

9.6 

9.4 

9.0 

9.5 

9.S 

9.9 

9.8 

Nov 

11.2 

11.1 

11.2 

11.4 

11.6 

11.5 

11.6 

11.4 

11.2 

11.3 

Deo 

11.7 

11.9 

12.2 

12.3 

12.4 

11.8 

12.0 

11.4 

ILS 

11.5 

Means 

9.72 

9.80 

9.74 

9.62 

9.58 

9.59 

9.69 

9.62 

9. 88 

10.19 

*  Six  years'  record. 
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AVBRAGS  YELOCITT  OF  TH8  WlKD  FOE  BACH  HOUB  OF  THK 

FORT  SMITH.  ARK. 


Date. 


1883  to  1889. 

f  f9 V  ••  •««•*■  •**••■ 

Mar 

Apr 

May 

June 

July 

^»Uk •• •••••> .«■*«• 

DOp v.  •««*••«  .•••■* 

Oct 

Nov 

Dec 

Means  «>  ...... 


S 


5.5 
5.3 
5.1 
4.4 
3.2 
2.6 
1.9 
2.5 
3.1 
3.1 
3.7 
4.4 

3.73 


0< 


5.4 
5.4 
5.2 
4.3 
3.1 
2.5 
2.0 
2.5 
2.8 
3.0 
3.0 
4.3 

3.68 


S 

■ 

00 


5.5 

5.4 

5.1 

4.5 

3.3 

2,7 

2.1 

2.7 

3.0  , 

3.3 

3.7  . 

4.5  ' 

3.82 


• 

• 

a 

a 

g8 

fli 

•* 

lO 

5.5 

5.4 

5. 3 

5.5 

5.1 

5.1 

4.7 

4.7 

3.4 

3.5 

3.0 

3.0 

2.1 

2.1 

2.6 

2.7 

2.8 

3.0 

3.4 

3.4 

3.6 

3.5 

4.6 

4.5 

3.84 

3.87 

a 

QD 


5.4 
5.3 
5. 2 
4.9 
3.3 
2.9 
2.2 
2.6 
3.0 
3.3 
3.6 
4.6 

3.86 


a 

I* 


5.5 
5.5 
5.4 
4.9 
3.5 
3.0 
2.4 
2.6 
3.1 
3.3 
3.6 
4.8 

3.97 


a 

00 


5.6 
5.5 
5.4 
5.0 
4.0 
3.3 
2.7 
2.9 
:iO 
3.3 
3.6 
4.8 

4.09 


a 

• 


5.6 
5.5 
5.8 
5.7 
4.6 
3.1 
3.0 
3.4 
3.7 
3.6 
3.8 
4.8 


o 


6.0 
5.9 
6.3 
6.2 
5.0 
4.6 
3.2 
3.8 
4.5 
4.4 
4,3 
5.2 


4.38     4.96i 


FORT  GRANT,  ARIZ. 


1883  to  1889. 

Jan 

Feb 

Mar 

May 

Jane 

July» 

Sept 

Oct ; 

Nov 

Dec 

Means 


Q.7 

6.4 

7.3 

6.9 

6.5 

6.0 

6.5 

6.1 

6.1 

6.1 

6.2 

6.2 

5.7 

5.2 

5.3 

4.9 

6.9 

6.4 

6.7 

6.6 

6.8 

6.4 

a2 

5.7 

6.41 

6.08 

6.3  I 

6.6 

5.8 

5.8 

6.0 

5.9 

4.9 

4.8 

6.4 

6.4 

5.8 

5.7 

5.87 


5.3 

5.3 

5.8 

5.5 

5.1 

4.7 

4.8 

4.3 

5.4 

4.9 

4.7 

3.8 

3.4 

2.9 

4.3 

3.6 

5.4 

5.1 

5.1 

4.7 

5.1 

4.9 

5.4 

5.4 

4.98 

4.59 

5.0 
5.4 
4.4 

4.7 
4.9  I 
4.3 
3.2  > 
3,7 

5.0  ; 

4.4 
4.4 
5.3; 

4.56 


GALVESTON,  TEX. 


Means 


11.7 

12.5 

12.0 

11.9 

12.3 

11.8 

12.4 

12.4 

11.0 

11.0 

10.7 

10.9 

11.0 

10.4 

10.5 

10.8 

10.2 

10.2 

10.0 

10.2 

10.4 

9.9 

10.1 

10.4 

11.2 

11.0 

10.8 

11.0 

11.3 

10.7 

10.9 

11.2 

10.5 

10.0 

9.6 

*  9.4 

9.8 

9.8 

9.7 

10.1 

8.9 

8.6 

8.8 

8.8 

8.6 

8.0 

7.7 

a6 

7.7 

7.4 

7.0 

6.9 

6.7 

6.3 

6.4 

7.1 

8.4 

8.2 

8.1 

8.0 

8.1 

7.8 

7.4 

8.0 

10.8 

10.7 

10.6 

10.4 

10.7 

10.6 

10.4 

10.8 

9.6 

9.4 

9.1 

9.6 

9.9 

9.7 

9.6 

10.1 

8.9 

8.9 

8.8 

9.0 

9.1 

8.6 

8.9 

9.0 

9.1 

9.2 

9.0 

9.2 

9.6 

9.6 

9,9 

10.2 

9.88 

9.78 

9.54 

9.61 

9.79 

9.43 

9.49 

9.89 

*3izy0ar«. 


12.5 

11.3 

11.0 

12.1 

10.5 

9.0 

7.9 

8.7 

11.1 

10.5 

9.4 

10.3 

10.361 
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11.5 

11.4 

11.7 

12.6 

12.1 

11.2 

12.0 

11.9 

11.7 

11.9 

12.0 

12.6 

12.8 

11.8 

11.2 

10.6 

10.6 

10.8 

11.5 

11.0 

9.2 

10.0 

10.2 

10.4 

10.9 

10.6 

10.8 

11.2 

ia4 

9.6 

9.0 

a  9 

9.0 

9.7 

9.4 

a  4 

9.1 

9.4 

9.9 

10.4 

10.8 

11.2 

11.4 

10.2 

9.0 

ao 

7.7 

7.8 

a  3 

a  5 

9.3 

9.8 

lao 

ia2 

10.5 

10.5 

lao 

11.0 

9.8 

9.1 

a  6 

a  6 

9.0 

9.1 

9.1 

11.3 

12.1 

11.9 

11.8 

1L9 

11.6 

n.6 

11.7 

ia4 

9.7 

9.7 

9.8 

10.5 

10.7 

10.9 

11.1 

11.3 

10.9 

10.7 

ia9 

10.5 

10.4 

10.3 

9.3 

9.0 

9.1 

9.3 

9.7 

10.4 

10.0 

9.8 

10.2 

9.7 

9.6 

9.4 

9.2 

9.3 

9.5 

a  8 

a  7 

8.6 

a7 

9.0 

9.1 

9.1 

10.9 

11.4 

11.4 

11.2 

11.0  10.9 

1 

10.8 

10.7 

10.2 

10.0 

10.0 

ia3 

10.3 

9.9 

10.2 

ia88 

11.44 

11.32 

11.22 

11.32 

11.22 

11.36 

11.48 

liO.59 

10.08 

9.81 

9.82 

iao8 

10.55 

ia37 
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AvBRAas  Vblocity  of  thb  Wind  for  racr  hour  ov  thx 
HELENA,  MONT. 


Date. 


1883  to  1889. 

Jan 

Feb 

Mar 

Apr 

May 

Jnne 

July    

^^uK  ■«■••.  •••*•■  «■ 

DvUlla      mmmm»»    ••>••• 

Oct 

Deo 


Means. 


a 

a 

a 

a 

a 

a 

a 

a 

a 

• 

a 

a 

d 

4 

4 

«' 

4 

tt 

d 

4 

4 

^ 

Gt 

CO 

"* 

kO 

CO 

t^ 

X 

a» 

«M 

5.5 

5.5 

5.3 

5.0 

4.9 

4.9 

4.8 

4.9 

5.0 

5.3 

6.4 

6.5 

6.4 

6.3 

6.7 

5.7 

5.7 

5.4 

5.5 

6.1 

7.2 

6.7 

6.5 

&2 

5.8 

6.0 

5.8 

5.4 

5.4 

5.3 

7.3 

7.1 

7.0 

6.7 

6.5 

6.3 

6.1 

6.0 

5.6 

5.0 

7.3 

7.1 

6.8 

6.6 

6.4 

6.3 

6.0 

5.7 

5.0 

5.0 

7.5 

7.1 

7.1 

6.8 

6.2 

5.8 

5.7 

5.2 

4.1 

4.3 

7.4 

6.8 

6.7 

6.7 

6.4 

6.4 

5.9 

5.0 

3.8 

3.5 

7.1 

6.8 

6.6 

6.5 

6.2 

5.4 

5.6 

4.8 

4.3  i 

3.0 

6.7 

6.7 

7.4 

6.4 

6.0 

5.8 

5.7 

5.6 

5.2 

4.3 

7.0 

6.7 

6.4 

6.3 

6.0 

5.7 

5.3 

5.1 

6.2 

4.9 

5.5 

5.3 

5.0 

5.2 

5.3 

5.1 

4.9 

4.9 

4.7 

4.8 

5.1 

4.8 

4.5 

4.2 

4.1 

4.4 

4.3 

4.1 

4.1 

4.3 

6.67 

6.42 

6.31 

6.08 

5.79 

5.65 

5.48 

5.18 

4.81^ 

4.65 

HUBON,  S.  DAK. 


1883  to  1889. 
Jan  .............. 

9.1 

8.5 
8.1 
9.7 
8.9 
8.5 
7.5 
7.6 
8.7 
8.7 
8.3 
8.9 

8.54 

9.8 

8.6 
8.3 
9.7 
8.8 
8.3 
7.2 
7.2 
8.4 
8.7 
8.2 
9.2 

9.49 

9.4 
8.5 
8.4 
9.7 
8.6 
8.4 
6.9 
6.8 
8.6 
8.4 
8.4 
9.1 

8.43 

t 

9.3 

8.4 
8.4 
9.4 
8.7 
8.2 
6.9 
6.8 
8.6 
8.2 
8.4 
8.9 

8.35 

8.9 
8.4 
8.6 
9.3 
8.8 
7.9 
6.8 
6.8 
8.5 
8.4 
8.6 
8.6 

8.30 

8.6 
8.3 
8.8 
9.1 
8.6 
7.9 
6.5 
6.6 
8.3 
8.4 
8.0 
8.4 

8.12 

* 

8.5 

8.5 
8.5 
9.2 
8.7 
8.0 
6.6 
6.4 
8.2 
8.6 
7.9 
8.3 

ai2 

8.8 
9.0 
8.7 
9.5 
9.3 
8.7 
6.9 
6.6 
8.3 
8.4 
8.0 
8.1 

8.36 

8.4 

R.H 

Feb 

9.0  1    9.3  1 

Mar..-. 

9.0  ■  10.A  1 

Apr 

May 

Jane.  .....•-...•• 

10.2 
10.5 
9.9 
7.9 
7.7 
9.0 

a6 

6.0 

a2 

8.87 

11.8  1 

11.6  ' 

10.7  , 

JnlT.  ...A....... 

9.2 ; 

Aoe...... ........ 

a8 

10.4 
9.6 

a2 

8.1 

•*■*© ...... ....  ..-• 

Sept 

Oct 

Not 

Deo  ....•••• 

Means 

1 
9.71 

1 

JACKSONVILLE,  FLA* 


1883  to  1889. 
Jan 

4.8 
4.3 
4.7 
5.4 
5.4 
5.6 
6.5 
5.0 
4.4 
5.2 
5.0 
4.2 

5.04 

4.7 
4.1 
4.4 
5.2 
5.1 
5.4 
6.0 
4.7 
4.3 
5.0 
4.8 
4.2 

4.82 

4.9 
4.3 
4.6 
5.0 
5.1 
5.2 
6.1 
4.6 
4.3 
5.0 
4.9 
4.4 

4.87 

5.0 
4.2 
4.5 
5.1 
4.8 
5.0 
6.1 
4.6 
4.3 
4.9 
4.9 
4.5 

4.82 

4.9 
4.4 
4.5 
4.8 
4.5 
5.0 
6.0 
4.5 
4.3 
5.0 
5.2 
4.5 

4.80 

5.1 
4.6 
4.6 
4.8 
4.4 
4.7 
5.4 
4.4 
4.2 
5.2 
5.0 
4.5 

4.74 

5.0 
4.5 
4.6 
4.6 
4.2 
4.7 
.5.2 
4.0 
4.4 
5.0 
4.8 
4.6 

4.63 

4.7 
4.6 
5.1 
5.3 
5.2 
6.2 
5.7 
4.5 
4.4 
5.1 
4.9 
4.2 

4.91 

5.4 
5.0 
6.3 
6.4 
6.0 
5.9 
6.1 
5.0 
5.5 
6.0 
5.6 
4.8 

5.67 

6.2 
5.6 
7  4 
7.4 

6.4 
6.4 
6.3 
5.6 
6.4 
7.4 
6.4 
5.6 

6.42 

Feb 

Mar 

Aor  ......•••.  •••. 

Miiy 

Judo. 

July.  ...... ...... 

AuflT......  ...... .. 

Sept 

Oct 

Nov 

Deo 

Means 
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DAT,  SXVBMTT-FIFTH  IIXRIDIAN  TOOt,  XTO.— Continaod. 

HELENA,  MONT. 


• 

a 

• 

• 

• 

a 

• 

a 

• 

a 

• 

a 

• 

a 

a 

• 

a 

• 

a 

• 

a 

0 

• 

a 

• 

Honrly 
means. 

1 
5.3 

• 
5.2 

• 
Ok 

5.7 

• 

CO 

p. 

• 

to 

CO 

• 
5.7 

• 

P4 

00 

5.8 

Pi 

6.0 

P4 

o 
5.9 

P4 

5.9 

2 

5.2 

6.1 

6.1 

6.3 

6.3 

6.1 

5.5 

6.1 

6  0 

6.5 

7.0 

7.5 

7.5 

7.4 

7.7 

7.1 

6.6 

6.9 

6.5 

7.1 

6.9 

6.5 

5.1 

5.1 

5.8 

6.6 

7.5 

7.9 

8.1 

8.0 

8.0 

7.8 

7.4 

7.5 

7.9 

7.4 

6.7 

5.5 

6.0 

6.7 

7.4 

&4 

8.8 

9.1 

9.2 

9.1 

8.9 

7.9 

7.2 

7.8 

8.1 

7.2 

5.6 

6.2 

6.6 

7.0 

8.0 

8.8 

9.3 

9.7 

9.8 

9.0 

8.6 

7.6 

7.2 

7.8 

7.8 

4.7 

5.2 

6.0 

6.6 

7.6 

8.0 

8.3 

8.3 

8.6 

8.2 

7  8 

7.4 

7.1 

7.3 

6.7 

4.1 

4.2 

4.9 

4.9 

6.7 

7.4 

7.7 

8.3 

9.0 

8.9 

8.3 

7.2 

6.8 

7.2 

a5 

8.0 

3.6 

4.0 

4.6 

5.1 

5.6 

6.2 

6.9     6.9 

7.4 

6.4 

6.5 

6.9 

7.1 

5.7 

4.1 

4.6 

5.1 

6.1 

6.5 

6.8 

72 

7.4  ;  7.4 

6.9 

6.5 

7.4 

7.6 

7.3 

6.2 

4.5 

4.7 

5.3 

6.0 

6.8 

7.2 

7.4 

7.3 

6.9 

7.1 

8.0 

7.7 

7.8 

7.6 

6.4 

4.3 

4.6 

4.8 

5.0 

5.9 

6.2 

6.3 

6.0 

5.5 

6.0 

6.4 

6.3 

6.3 

5.8 

5.4 

4.2 

4.1 

4.1 

4.3 

4.8 

5.0 

5.1 

4.9 

4.9 

5.3 

5.3 

5.2 

5.5 

5.0 

4.6 

4.70 

4.97 

5.42 

5.93 

6.74 

7.11 

7.37 

7.50 

7.41 

7.32  7.12 

6.87 

6.99 

6.97 

6.22 

HURON,  S.  DAK. 


9.1 

9.6 

10.2 

10.5 

11.1 

11,4 

11.1 

10.1 

9.0 

ao 

a  9 

a  8 

9.2 

9.0 

9.4 

10.3 

10.7 

10.9 

12.0 

11.9 

n.7 

11.6 

11.3 

10.1 

9.5 

9.2 

9.1 

9.1 

a  9 

9.7 

10.7 

11. 1 

11.3 

11.8 

12.1 

12.0 

12.1 

11.5 

10.6 

9.3 

a  9 

a  5 

a5 

as 

9.7 

13.1 

13.6 

14.4 

15.2 

1.5.5 

15.7 

15.7 

14.9 

13.9 

12.6 

10.6 

9.9 

10.0 

10.0 

11.8 

12.4 

12.9 

13.3 

13.2 

13.6 

13.8 

13.7 

13. 3 

12.9 

11.5 

9.6 

9.0 

9.1 

a  9 

10.8 

11.3 

11.7 

12.1 

12.3 

12. 5 

12.8 

12.9 

12.6 

12.2 

10.1 

9.3 

a  5 

as 

a5 

10.1 

9.8 

10.1 

10.4 

10.6 

10.9 

11.1 

11.2 

11.0 

10.7 

9.6 

a  3 

7.8 

7.6 

7.6 

a  7 

9.4 

10.0 

10.6 

11.2 

11.0 

11.0 

11.1 

10.4 

10.0 

a6 

7.7 

7.9 

ao 

7.8 

a  6 

n.8 

12.5 

12.9 

13.7 

1.3.7 

13.8 

13.8 

13.4 

11.7 

9.4 

a  7 

a  8 

a  9 

a  6 

10.4 

10.9 

11.5 

12.2 

12.7 

13.2 

13.2 

13.0 

11.8 

9.5 

8.6 

a  9 

a  9 

9.0 

a  9 

9.9 

9.2 

10.1 

10.9 

11.4 

11.7 

11.8 

U.3 

9.2 

8.0 

7.8 

ao 

ao 

7.9 

ao 

9.0 

8.6 

9.5 

10.3 

10.8 

11.1 

10.8 

10.4 

9.2 

8.5 

a  8 

9.0 

9.1 

9.2 

9.1 

9.2 

10.55 

U.11 

11.62 

12.12 

12.3612.42 

12.32 

11.56 

10.59 

9.53 

a  92 

a69 

a75 

a63 

9.77 

JACKSONVILLE,  FLA. 


7.1 

7.6 

a3 

a  4 

a  6 

a  4 

7.7 

a  5 

5.6 

5.3 

5.2 

4.9 

4.9 

4.3 

ao 

a  2 

7.0 

7.5 

a  2 

ao 

7.8 

ao 

7.3 

5.9 

4.8 

4.8 

4.4 

4.2 

4.0 

a  6 

a  3 

a  6 

a  9 

9.1 

9.3 

9.3 

9.1 

a3 

a  5 

5.3 

4.9 

4.7 

5.1 

a  2 

a  4 

a  2 

9.0 

9.4 

9.9 

10.3 

10.0 

10.0 

9.4 

7.7 

6.3 

5.6 

5.3 

5.4 

a  5 

a  9 

a  8 

7.1 

7  4 

7.8 

ai 

a  6 

9.2 

a  9 

7  6 

a  2 

5.5 

5.2 

5.5 

ao 

a  3 

7.0 

7.6 

7.8 

a  5 

9.3 

9.5 

9.6 

9.1 

ai 

a  7 

a  2 

5.6 

a  7 

ai 

a  7 

as 

a  9 

7.2 

ao 

a  8 

9.3 

9.6 

9.3 

a? 

7.2 

a  6 

a  6 

a  8 

5.8 

a  9 

ai 

a  4 

a  8 

7  9 

a  6 

a  9 

9.0 

a  6 

7.5 

ao 

5.3 

4.8 

4.8 

4.7 

.5.9 

7.3 

ao 

8.6 

a  7 

9.2 

a  9 

a  9 

ao 

a  4 

5.1 

4.6 

4.3 

4.5 

ai 

ao 

a  6 

9.1 

9.2 

9.4 

9.4 

9.4 

a  9 

7.3 

5.8 

5.1 

.5.2 

5.1 

a3 

4.8 

a  5 

7.4 

ai 

a  3 

a  5 

a  8 

a  7 

ao 

a  2 

5.3 

4.8 

4.8 

4.8 

4.8 

4.8 

ao 

a  3 

7.0 

7  6 

ao 

ao 

7.8 

7.2 

5.8 

5.3 

4.8 

4.6 

4.5 

4.3 

a2 

a5 

7.18 

7.70 

a  08 

a53 

a  87 

a  88 

a  77 

7.89 

a  70 

5.63 

a28 

5.02 

5.11 

5.04 

a22 
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Ayeraqb  Vxlocitt  of  the  Wind  fob  sach  houb  of  the 
KEOKUK,  IOWA. 


Date. 

• 

B 

• 

• 

a 

• 
0) 

• 

a 

• 
CO 

• 

a 

. 

a 

• 
kO 

• 

a 

CO 

• 

a 

. 

a 

• 
06 

00 

a 

4 

10  a.  m. 

1884  to  1889. 
Jan 

8.0 
8.0 
8.3 
8.8 
6.1 
5.0 
5.7 
5.8 
6.8 
6.4 
7.2 
7.8 

6.99 

8.1 
8.0 
8.0 
8.7 
6.2 
5.0 
5.3 
5.7 
6.9 
6.4 
7.0 
7.4 

6.89 

7.9 
8.0 
8.2 
8.7 
5.9 
5.0 
5.1 
5.5 
6.4 
6.2 
7.0 
7.3 

6.77 

7.9 
8.2 
7.8 
8.3 
5.7 
4.9 
4.9 
5.7 
6.1 
5.8 
7.0 
7.2 

6.62 

7.7 

8.4 
7.8 
8.0 
5.7 
4.8 
4.8 
5.5 
6.0 
5.8 
6.8 
7.3 

6.55 

7.8 
8.2 
7.7 
7.8 
5.7 
4.7 
4.6 
5.3 
6.1 
5.8 
7.1 
7.4 

6.52 

7.6 
8.1 
7.7 
8.0 
6.1 
4.7 
4.8 
5.3 
.  6.3 
5.8 
7.2 
7.5 

6.59 

7.5 
8.1 
7.7 
8.5 
6.6 
5.2 
5.1 
5.5 
6.6 
6.0 
7.2 
7.6 

6.80 

7.7 
8.7 
8.6 
9.5 
7.4 
6.0 
5.9 
6.2 
7.5 
6.6 
7.5 
7.6 

7.43 

7.9 
9.3 
9.4 
10.6 
8.0 
6.5 
6.5 
7.0 
8.2 
7.4 
8.3 
7.9 

8.08 

1 

Feb 

Mar 

Apr 

May 

June .--- 

July 

Aae ..--. 

^**6  ....  ......  .... 

Sept 

MU|^H      ......    ....... 

Oct 

Nov 

Deo 

Means 

KNOXVILLE,  TENN. 


1883  to  1889. 
Jan ...... ....  ---. 

5.7 
5.9 
4.6 
5.0 
3.4 
2.8 
2.5 
2.7 
2.8 
3.3 
4.2 
4.5 

3.95 

6.0 
5.8 
4.5 
4.9 
3.2 
2.7 
2.5 
2.6 
2.6 
3.2 
4.1 
4.5 

3.88 

6.0 
5.5 
4.5 
4.8 
3.3 
2.7 
2.5 
2.7 
2.7 
3.4 
4.2 
4.4 

3.89 

6.0 
5.3 
4.4 
4.6 
3.2 
2.7 
2.5 
2.6 
2.7 
3.6 
4.0 
4.3 

3.82 

5.9 
5.3 
4.3 
4.6 
3.0 
2.6 
2.4 
2.6 
2.9 
3.2 
3.9 
4.3 

3.75 

5.7 
5.4 
4.5 
4.4 
2.9 
2.6 
2.5 
2.4 
2.8 
3.4 
4.2 
4.2 

3.75 

5.6 
5.6 
4.6 
4.3 
3.1 
2.9 
2.8 
2.5 
2.7 
3.3 
4.2 
4.1 

3.81 

5.7 
5.7 
4.9 
4.6 
3.9 
3.8 
3.5 
3.1 
3.0 
3.5 
4.2 
4.4 

4.19 

5.8 
6.3 
5.9 
5.8 
5.0 
4.7 
4.5 
4.1 
3.9 
4.5 
4.9 
4.7 

5.91 

6.5 

Feb 

6.8  1 

Mar 

Apr 

■M»  *^  1 

6.8 

6.8 

May 

5.9 

Jane 

5.3 

July 

5.2 

4.9 
4.9 

Aufif..... 

~**o  ...... ........ 

Sept 

Oct 

5.3 

Nov 

5,7 

Deo 

Means 

5.5 
5.80 

LEAVENWORTH,  KAN8. 


1883  to  1889. 
Jan 

6.2 

6.1 
6.5 
6.5 
4.6 
4.0 
3.9 
3.8 
4.5 
4.5 
5.4 
5.7 

5.14 

6.2 
6.2 
6.5 
6.5 
4.4 
4.2 
3.8 
3.8 
4.3 
4.4 
5.0 
5.5 

5,07 

6.2 
6.2 
6.4 
6.2 
4.6 
4.0 
3.7 
3.8 
4.3 
4.4 
5.1 
5.7 

5.05 

6.3 
6.3 
6.3 
5.9 
4.3 
3.6 
3.6 
8.7 
4.1 
4.3 
5.2 
5.7 

4.94 

6.2 
6.6 
6.4 
6.1 
4.6 
3.5 
3.6 
3.8 
4,1 
4.4 
5.1 
5.8 

5.02 

6.1 
6.6 
6.1 
5.9 
4.6 
3.4 
3.6 
3.6 
3.9 
4.3 
4.7 
5.9 

4.89 

6.2 
6.5 
6.1 
&0 
4.7 
3.5 
3.1 
3.4 
4.1 
4.3 
4.8 
6.1 

4.90 

6.0 
6.5 
6.2 
6.2 
5.1 
4.5 
4.2 
3.6 
4.1 
4.4 
4.9 
6.2 

5.16 

6.1 
6.7 
6.8 
7.4 
6.3 
5.6 
5.3 
4.9 
5.0 
5.0 
5.2 
6.4 

5.89 

6.7 
7.6 
7.9 
9.1 
7.6 
6.3 
6.2 
&1 
6.4 
6.3 
6.1 
6.8 

6.92 

Feb 

Mar 

Apr 

May 

June 

July 

Ane 

Sept 

Oct 

Nov 

Deo 

Means 
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AVEBAOK  VBLOCITY  OF  THE  WiND  FOR  BACH  HOUB  OF  THE 

LITTLE  ROCK,  ARK. 


Date. 


1883  to  1889. 

Jan 

Feb 

Mar 

Apr 

May 

Jone 

July 

Aug 

oepii  >■«■>■■ .«« 

Oct 

Nov 

Dec 

Means 


a 


3.96 


e 


M 


5.6 

5.6 

5.6 

5.5 

5.5 

5.3 

5.1 

5.2 

3.4 

3.5 

2.6 

2.5 

2.2 

2.1 

2.5 

2.4 

2.4 

2.5 

3.4 

3.4 

4.3 

4.2 

4.9 

4.9 

3.92 


■ 

• 

a 

a 

d 

• 

« 

^ 

5.4 

5.3 

5.4 

6.4 

5.4 

5.6 

5.2 

5.3 

8.6 

3.6 

2.3 

2.5 

2.3 

2.4 

2.4 

2.5 

2.5 

2.6 

3.6 

3.4 

4.2 

4,1 

4.9 

4.9 

3.93 

3,97 

1 

a 

cs 


5.4 
5.4 
5.3 
5.4 
3.6 
2.5 
2,2 
2.5 
2.7 
3.5 
4.3 
5.1 


a 


5.2 
5.4 
5.3 
5.5 
3.8 
2.6 
2.4 
2.5 
2.8 
3.4 
4.3 
5.2 

4.03 


a 

fiS 


5.2 
6.5 
5.4 
5.4 
3.9 
2.7 
25 
2.6 
2.7 
3.5 
4.4 
5.1 

4.08 


a 

«4 

00 


5.4 
5.6 
5.4 
5.7 
4.5 
3,4 
2,8 
3.0 
2.8 
3.6 
4.2 
5.0 

4.28 


5.3 
6.0 
6.1 
6.9 
5.5 
4.4 
3.8 
4.0 
3.6 
4.4 
4.5 
5.5 

5.00 


S 

o 


5.9 

6.7, 

6.8 

7.5 

6.4 

4.8 

4.4 

4.6 

4.0 

5.3 

5.0 

6.0 

5.66 


LOUISVILLE,  KY, 


1883  to  1889. 

Jan 

Feb 

Apr 

Jnne 

July 

Ang 

Sept , 

Oct 

Nov 

Dec 

Means 


8,7 

8.6 

8.6 

• 

8.6 

8.5 

8.3 

8.4 

8.4 

1 

1 

8.8 

7.8 

8.0 

7.8 

7.7 

7.3 

7.9 

8,1 

8.2 

8.5 

7.6 

7.7 

7,5 

7,5 

7.5 

7.3 

7.5 

7.8 

8.4 

6.2 

6.0 

6.1 

6,1 

6.3 

6.5 

6.4 

6.9 

8.0 

5.1 

5.0 

5.0 

5.0 

5,2 

5.1 

5.3 

6.0 

7.1 

4.4 

4.3 

4.3 

4,2 

4.2 

4.4 

4.5 

5.3 

6,2 

3.8 

3.6 

3.7 

3.6 

3.7 

3.8 

3.9 

4.4 

5.1 

4.1 

4.2 

4.0 

3.8 

4.0 

4.0 

4,1 

4.5 

5.2 

4.3 

4.4 

4.2 

4.3 

4.3 

4.5 

4,5 

4,9 

5,7 

5.2 

5.2 

5.2 

5,3 

5.1 

5.2 

5.3 

5.3 

6,0 

6.9 

6.9 

6.8 

6.6 

6.4 

6.3 

6.5 

6.6 

7.1 

7.5 

7.2 

7.2 

7,1 

7.1 

7.4 

7.2 

7.5 

7.9 

5.97 

5.92 

5,87 

5,82 

5.80 

5.89 

5.98 

6w32 

7.00 

9.4 
9.U 
9.1 
8.8 
7.8 
6.9 

5.: 

5.8 
6.5 
7.1 
7.9 
8.5 

7.71! 


LYNCHBURGH,  VA. 


1883  to  1889. 

Jan 

Feb 

Mar 

Apr 

Miy 

Jane 

July 

Aug 

Sept 

Oct 

Nov 

Means.. .... 


3.2 

3.1 

3.0 

3.0 

3.0 

3.2 

3.6 

3.4 

3.6 

3.5 

3.5 

3.5 

3,9 

3.9 

3.6 

3.9 

3,9 

3.6 

3.1 

2.9 

2.8 

2.7 

2,7 

2.9 

2.3 

2.2 

2.2 

2,2 

2.1 

2.1 

1.8 

1.7 

1.8 

1.7 

1.7 

1.8 

1.4 

1.3 

1.4 

1.2 

1.2 

1.2 

1.4 

1.4 

1.3 

1.4 

1.3 

1.4 

1.6 

1.6 

1.6 

1.7 

1.8 

1.7 

1.9 

2.0 

2.0 

1.9 

2.0 

2.0 

3.3 

3.0 

2.8 

2.6 

2.7 

2.7 

3.2 

3.0 

3.0 

3.0 

2.8 

2.8 

2.56 

2.46 

2.42 

2.40 

2.39 

2.41 

3.9 

4.7 

4.5 

5.0 

5.2 

6.4 

5.0 

5.8 

4.3 

4.8 

4.0 

4.6 

3.1 

3.7 

3.1 

3.7 

3.2 

4.1 

3.2  , 

4.2 

3.4 

4.4 

3.4 

4.0 

8.86{    A.^ 
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LITTLE  BOCK,  ARK. 
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5.3 
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7.3 

7.4 

7.8 

7.8 

7.8 

7.9 

7.7 

7.3 

6.6 

5.7 

5.5 

5.7 

5.7 

5.7 

6.4 

7.6 

8.1 

8.2 

8.1 

8.3 

8.2 

8.3 

8.0 

7.2 

6.2 

6.1 

5.8 

6.8 

5.8 

6.6 

8.0 

8.6 

8.5 

8.7 

8.8 

8.5 

8.6 

8.4 

7.3 

6.0 

5.3 

5.2 

5.2 

5.3 

6.7 

7.0 

7.5 

7.6 

7.4 

7.7 

7.6 

7.6 

7.4 

6.5 

5.0 

4.2 

3.9 

3.7 

3.6 

5,4 

5.3 

5.8 

6.0 

6.1 

6.3 

6.4 

6.3 

6.4 

5.8 

4.7 

3.7 

3.0 

2.9 

2.8 

4.2 

4.9 

5.4 

5.8 

6.0 

6.1 

6.1 

6.3 

6.0 

5.3 

4.1 

3.2 

2.7 

2.5 

2.4 

3.9 

5.2 

5.8 

6.1 

6.2 

6.5 

6.4 

6.8 

6.8 

6.0 

4.4 

3.5 

3.2 

3.0 

2.7 

4.2 

5.0 

5.8 

6.1 

6.4 

6.6 

6.3 

6.4 

6.2 

4.7 

3.6 

3.1 

3.0 

2.7 

2.6 

4.1 

6.1 

6.6 

6.6 

6.6 

6.8 

6.7 

6.5 

6.0 

4.3 

3.5 

3.5 

3.5 

3.4 

3.4 

4.6 

5.7 

6.2 

6.7 

7.0 

6.9 

6.9 

6.7 

5.7 

4.6 

4.2 

4.2 

4.2 

4.1 

4.3 

5.0 

6.8 

7.2 

7.3 

7.4 

7.4 

7.3 

7.0 

6.4 

5.3 

5.0 

5.0 

4.9 

4.9 

4.9 

5.7 

6.28 

6.77 

6.97 

7.06 

7.18 

7.10 

7.08 

6.76 

5.77 

4.81 

4.38 

4.22 

4.11 

4.11 

5.28 

liOUISVILLK,  KY. 


9.7 

9.9 

10.0 

10. 1 

10.2 

10.1 

9.9 

9.5 

9.2 

9.0 

9.0 

8.7 

9.0 

8.9 

9.2 

9.6 

10.0 

10.3 

10.5 

10.5 

10.7 

10.7 

9.8 

9.2 

8.9 

8.8 

8.6 

8.4 

8.0 

9.0 

9.8 

10.3 

10.6 

10.6 

11.2 

11.2 

11.1 

10.6 

9.8 

8.5 

8.3 

8.1 

7.9 

7.6 

8.9 

9.5 

10.2 

10.6 

10.9 

11.0 

11.3 

11.1 

10.6 

9.4 

8.2 

7.6 

7.4 

7.2 

6.5 

8.3 

8.6 

9.6 

9.8 

10.0 

10.1 

10.3 

10.3 

9.8 

8.6 

6.9 

6.1 

5.8 

5.6 

5.2 

7.2 

7.9 

8.4 

8.8 

9.3 

9,7 

9.9 

9.7 

9.0 

7.9 

6.5 

5.5 

5.2 

4.9 

4.6 

6.5 

6.5 

7.3 

8.0 

8.3 

8.4 

8.5 

8.6 

8.4 

7.6 

6.0 

4.9 

4.3 

3.9 

4.1 

5.7 

6.7 

7.5 

8.0 

8.2 

8.6 

8.6 

8.6 

8.1 

7.8 

6.0 

5.1 

4.6 

4.3 

4.1 

5.8 

7.4 

8.2 

8.6 

8.6 

8.6 

8.6 

8.2 

7.8 

6.3 

5.6 

5.3 

5.0 

4.7 

4.4 

6.0 

8.0 

8.6 

8.8 

9.0 

9.0 

8.8 

8.4 

7.6 

6.3 

6.0 

5.8 

5.4 

5.2. 

5.2 

6.6 

8.4 

9.1 

9.4 

9.7 

10.0 

9.7 

8.8 

8.1 

7.5 

7.4 

7.4 

7.2 

7.2 

7.0 

7.7 

9.1 

9.5 

9.8 

9.8 

9.9 

9.6 

8.9 

8.3 

8.3 

8.2 

8.1 

7.8 

7.9 

7.8 

8.2 

8.43 

9.05 

9.39 

9.58 

9.77 

9.78 

9.52 

8.97 

8.12 

7.27 

6.82 

6.51 

6.35 

6.12 

7.42 

LYNCHBUBGH,  VA. 


5.2 

5.6 

5.6 

5.8 

5.8 

5.6 

5.1 

4.5 

3.7 

3.7 

3.6 

3.4 

3.6 

3.4 

4.1 

5.6 

5.7 

5.9 

6.1 

6.3 

6.0 

5.9 

5.0 

4.1 

3.7 

3.5 

3.4 

3.4 

3.4 

4.4 

6.6 

6.8 

6.9 

7.3 

7.4 

7.6 

7.7 

6.9 

5.8 

5.2 

4.7 

4.5 

4.3 

4.2 

5.4 

6.2 

6.5 

6.9 

6.8 

6.8 

6.8 

6.8 

6.0 

5.1 

4.1 

3.8 

3.4 

3.3 

3.2 

4.6 

4.7 

5.5 

5.8 

5.8 

5.9 

6.0 

6.0 

5.5 

4.4 

3.4 

3.1 

2.6 

2.5 

2.4 

3.8 

5.0 

5.1 

5.3 

5.5 

5.4 

5.4 

6.4 

4.9 

3.8 

2.7 

2.1 

2.1 

2.0 

2.0 

3.4 

4.2 

4.3 

4.6 

4.6 

4.8 

4.7 

4.8 

4.5 

3.4 

2.4 

1.9 

1.7 

1.6 

1.5 

2.8 

4.1 

4.5 

4.5 

4.8 

4.9 

4.6 

4.5 

4.1 

3.0 

2.3 

1.8 

2.0 

1.8 

1.7 

2.8 

4.8 

5.1 

5.4 

5.4 

5.2 

5.1 

4.9 

3.8 

2.6 

2.1 

1.8 

1.8 

1.8 

1.9 

3.1 

4.9 

5.2 

5.4 

5.4 

5.4 

5.2 

4.6 

3.6 

2.7 

2.6 

2.5 

2.4 

2.3 

2.2 

3.2 

5.0 

5.4 

5.7 

5.7 

5.7 

5.4 

4.6 

3.7 

3.3 

3.3 

3.1 

3.1 

3.1 

3.1 

3.8 

4.5 

4.9 

6.1 

5.3 

5.4 

4.9 

4.4 

3.6 

3.4 

3.2 

3.3 

3.3 

3.2 

3.3 

3.8 

5.07 

5.38 

5.59 

5.71 

5.75 

5.61 

5.39 

4.68 

3.78 

3.22 

2.93 

2.81 

2.74 

2.69 

3.76 
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AVXBAOX  YSLOCITT  OF  THB  WlKD  TOR  BACH  H017X  OF  THX 

MEMPHIS,  TENN. 


Date. 


1883  to  1889 

Feb 

Mar 

Apr 

May 

Jane 

July 

Sept 

Oct 

Not 

Deo 

Means..... 


• 

. 

• 

s 

S 

a 

• 

fli 

• 

«* 

iH 

0« 

eo 

6.9 

7.0 

7.0 

6.4 

6.8 

7.0 

7.2 

6.9 

6,9 

6.2 

6.2 

6.3 

4.9 

5.0 

5.2 

3.8 

3.6 

3.6 

3.5 

3.6 

3.6 

3.6 

3.9 

3.9 

4.1 

4.2 

4.0 

5.2 

4.8 

5.0 

6.0 

5.6 

5.7 

6.4 

6.4 

6.4 

5.37 

5.33 

5.38 

6.8 
6.9 
6.9 
6.1 
5.0 
3.5 
3.6 
3.9 
4.1 
4.8 
5.9 
6.3 

5.32 


a 


6.7 
6.9 
6.7 
6.0 
4.9 
3.7 
3.6 
3.9 
4.2 
4.8 
5.9 
6.6 

5.32 


. 

« 

• 

a 

a 

a 

• 

• 

• 

CO 

t^ 

X 

6.8 

6.6 

6.6 

6.7 

6.7 

6.7 

6.6 

6.8 

6.8 

6.0 

6.1 

6.6 

4.9 

4.9 

5.4 

3.8 

3.9 

4.5 

3.8 

3.7 

4.1 

4.0 

4.1 

4.4 

4.3 

4.5 

4.7 

4.9 

4.9 

5.0 

6.0 

6.2 

6.2 

6.7 

6.5 

6.6 

5.38 

5.41 

5.68 

a 


6.6 
7.0 
7.6 
7.5 
6.3 
5.1 
4.7 
5.2 
5.5 
5.7 
6.7 
6.9 

6.231 


I 


7.1 
7.3 
8.8 
7.6 
6.8 
5.1 
4.,8 
M 
5.8 
6.4 
7.1 
7.2 

a54! 


MONTGOMERY,  ALA. 


1888  to  1889. 

Jan 

Feb 

Mar 

Apr 

May ,-. 

June 

July 

^ng 

Sept 

Oct 

Nov 

Means 


5.7 

5.4 

5.3 

5.4 

5.4 

5.6 

6.0 

5.6 

5.2 

4.9 

5.0 

5.1 

4.8 

4.7 

4.6 

4.3 

4.3 

4.4 

4.5 

3.8 

3.6 

8.5 

3.6 

3.4 

3.1 

3.0 

2.9 

2.7 

2.8 

3.1 

3.1 

3.1 

3.1 

3.1 

3.0 

2.9 

2.6 

2.6 

2.7 

2.4 

2.4 

2.8 

2.7 

2.5 

2.3 

2.2 

2.2 

3.3 

3.2 

3.0 

2.9 

2.9 

2.8 

3.4 

3.7 

3.4 

3.3 

3.2 

3.1 

3.7 

3.4 

3.6 

3.5 

3.6 

3.7 

4.1 

4.0 

4.0 

4.0 

4.0 

4.2 

•S.  90 

3.78 

8.66 

3.55 

3.52 

3.58 

56 
5.0 
4.6 
3.7 
2.9 
3.2 
2.6 
2.4 
3.0 
3.3 
3.6 
4.3 

3.68 


5.4 

5.7 

5.2 

5.7 

5.0 

5.9 

4.4 

5.6 

4.0 

5.1 

4.2 

5.0 

3.6 

4.2 

3.2 

4.2 

3.6 

4.8 

3.7 

4.8 

4.2 

4.4 

4.3 

4.7 

4.23 

5.01 

6.3 

as 

IS.9 
6.5 
5.6 
5.3 
4.7 
4.7 
5.7 

ao 

5.6 
5.5 

5.78, 


NASHVILLE,  TENN. 


1883  to  1889. 

Jan 

Feb 

Mar 

Apr 

May 

«l  nne .  ...••• ... 

July 

Ang. 

Sept 

Oct 

Nov 

Means 


7.0 
6.5 
5.9 
5.6 
4.1 
3.3 
2.6 
2.7 
3.0 
4.6 
5.8 
5.5 

4.68 


6.7 
6.5 
5.9 
5.3 
4.1 
3.0 
2.8 
2.7 
2.9 
4.6 
6.3 
5.6 

4.621 


6.8 
6.4 
6.1 
5.3 
4.1 
3.0 
2.5 
2.6 
3.0 
4.S 
5.0 
5.4 

4.581 


6.8 
6.4 
6.1 
5.0 
4.1 
3.0 
2.4 
2.5 
2.9 
4.6 
4.8 
5.4 


7.0 
6.5 
6.0 
4.9 
3.9 
3.0 
2.4 
2.4 
2.9 
4.6 
4.7 
5.4 


4.50     4.48 


6.8 
6.5 
6.2 
4.7 
3.9 
3.0 
2.2 
2.4 
2.8 
4.4 
4.9 
5.3 

4.421 


6.8 
6.6 
6.1 
5.0 
4.1 
3.0 
2.3 
2.5 
2.8 
4.6 
4.8 
5.6 

4.521 


6.9 

6.9 

6.7 

7.1 

6.2 

7.1 

5.6 

6.8 

4.6 

5.9 

3.8 

4.8 

3.0 

4.0 

2.8 

4.0 

3.1 

4.0 

4.6 

5.3 

5.0 

5.3 

5.6 

5.7 

4.82 

5.66 

7.2 
7.3 
7.8 
7.5 
7.2 
5.6 
4.9 
4.9 
5.0 

ai 
ai 
a4 

a33 
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DAY,  SBVEimr-FiTrH  Meridian  Timie,  KTC.—Continiied. 

MEMPraS,  TENN. 


• 

6 

■ 

a 

• 

a 

• 

a 

a 

• 

a 

• 

a 

• 

a 

a 

a 

• 

E 

^ 

• 

a 

• 

Hourly 
means. 

4 

1 

Pi 

• 
Pi 

00 

• 

P4 

• 
Pi 

to 

■ 
Pi 

• 

p« 

• 

p« 

QD 

p. 

P« 

s 

6.8 

P4 

6.7 

S 
7.2 

7.3 

7.3 

7.1 

6.8 

6.8 

7.0 

7.0 

6.8 

6.1 

6.0 

6.2 

6.8 

7.5 

7.4 

7.7 

7.6 

7.8 

7.5 

7.8 

7.8 

7.1 

6.7 

6.7 

6.5 

6.6 

6.9 

7.1 

8.3 

7.9 

7.8 

7.8 

7.7 

8.1 

8.2 

7.8 

7.0 

6.0 

6.0 

7.0 

6.8 

7.5 

7.2 

7.7 

7.5 

7.9 

8.0 

8.2 

H.2 

8.3 

8.0 

7.7 

6.4 

5.7 

5.9 

5.9 

7.4 

7.0 

7,0 

7.3 

7.6 

7.3 

7.7 

7.  .5 

7.7 

7.6 

6.9 

5.6 

5.9 

4.5 

4.6 

5.1 

6.1 

5.4 

5.6 

6.0 

6.1 

6.4 

6.3 

6.7 

6.5 

6.9 

5.1 

4.1 

3.9 

4.0 

4.3 

4.9 

5.1 

5.4 

5.7 

5.9 

6.0 

6.1 

6.1 

6.2 

5.5 

4.6 

3.7 

3.7 

:i6 

3.7 

4.7 

5.4 

5.9 

6.2 

6.4 

&7 

7.2 

7.2 

7.0 

6.8 

5.4 

4.6 

4.4 

4.2 

4.2 

5.8 

5.7 

6.1 

6.5 

6.6 

6.8 

6.9 

6.9 

6.5 

5.6 

4.4 

4.3 

4.4 

4.4 

4.3 

5.2 

6.9 

7.0 

7.1 

7.0 

7.1 

7.1 

7.0 

6.4 

5.5 

4.9 

4.9 

4.9 

.5.0 

5.4 

5.7 

7.2 

7.3 

7.1 

7.1 

7.2 

7.0 

6.7 

6.3 

5.8 

5.7 

5.8 

5.8 

5.9 

6.1 

6.3 

7.6 

7.8 

7.7 

7.4. 

7.2 

7.0 

6.8 

6.5 

6.1 

6.3 

6.7 

6.8 

6.9 

6.9 

6.8 

6.76 

6.88 

7.0S 

7.02 

7.13 

7.16 

7.20 

6.95 

6.42 

5.59 

5.38  5.38 

5.38 

5.76 

6.09 

MONTGOMERT, 


6.8 

7.2 

7.2 

7.4 

7.4 

7.3 

7,2 

6.5 

5.6 

5.5 

5.6 

5.4 

5.6 

a  7 

ai 

7.0 

7.4 

7.9 

8.2 

8.2 

8.2 

7.9 

7.0 

ai 

6.3 

5.9 

ai 

ao 

5,8 

a3 

7.6 

7.9 

a4 

8.7 

8.8 

8.8 

8.5 

8.1 

a  6 

5.6 

5.3 

5.3 

5.3 

ao 

a  2 

7.2 

7.7 

8.0 

8.3 

8.3 

8.2 

ao 

7.9 

a  5 

5.8 

4.6 

4.7 

4.6 

4.6 

a? 

6.0 

6.6 

7.0 

7.3 

7.6 

7.7 

T.5 

7.1 

6.0 

4.3 

3.8 

3.6 

3.7 

a  7 

4.9 

5.8 

6.0 

6.4 

6.7 

6.9 

7.0 

6.9 

6.5 

5.7 

4.3 

3.9 

3.6 

3.4 

a  4 

4.7 

5.0 

5.6 

5.9 

6.2 

6.4 

6.6 

6.7 

6.4 

5.5 

4.1 

3.6 

3.5 

3.4 

3.0 

4.8 

5.1 

5.5 

5.9 

6.1 

6.3 

6.4 

6.3 

5.8 

4.7 

3.5 

3.8 

3.0 

2.8 

as 

4.0 

6.1 

6.4 

6.6 

6.6 

6.6 

6.3 

6.2 

5.7 

4.1 

3.9 

3.4 

3.4 

a  3 

a  4 

4.4 

6.5 

7.1 

7.3 

7.3 

7.4 

7.2 

6.9 

5.9 

4.2 

3.9 

a8 

a  9 

a  7 

3.6 

4.8 

6.3 

6.7 

7.0 

7.3 

7.3 

7.1 

6.6 

5.1 

4.3 

4.1 

4.2 

4.1 

3*9 

a  8 

4.9 

6.0 

6.4 

6.5 

6.6 

6.8 

6.5 

6.0 

5.2 

4.8 

4.7 

4.9 

4.7 

4.8 

4.7 

ai 

6.28 

6.71 

7.01 

7.22 

7.33 

7.28 

7.06 

6.43 

5.34 

4.67 

4.35 

4.28 

4.21 

4.18 

ai8 

KASHYILLK,  TENN. 


7.8 

a  2 

a  4 

a  5 

a  6 

a  7 

a  4 

a  2 

7.6 

7.4 

7.3 

7.2 

7.2 

7.1 

7.5 

ao 

a  2 

a  6 

a  7 

a  9 

ao 

ai 

a  7 

ai 

7.6 

7.3 

7.0 

a  7 

6.7 

7.5 

a  2 

a  7 

a  I 

a  5 

a  7 

9.9 

a  9 

a  2 

a  2 

7.2 

a  7 

a  4 

a  3 

a  2 

7.4 

as 

a  9 

a  6 

ao 

9.8 

lai 

a  8 

a  2 

a  6 

7.1 

a  4 

a  I 

a  7 

a  9 

7.1 

7.7 

a  3 

a  9 

ai 

a  4 

a  5 

a  4 

a  9 

ao 

6.3 

a  4 

4.9 

4.5 

4.4 

6.3 

a  4 

7.0 

7.3 

7.4 

7.8 

7.7 

7.7 

7.1 

as 

a  2 

4.3 

a9 

a  3 

a  5 

ao 

5.6 

a  2 

a  5 

7.5 

7.2 

7.1 

7.1 

7.2 

a  4 

ai 

a  8 

a  3 

ai 

2.6 

4.5 

a  7 

a  4 

a  9 

a  9 

7.0 

7.2 

7.4 

7.0 

a  3 

4.8 

4.2 

3.6 

ai 

ai 

4.6 

5.9 

a  6 

a  9 

7.0 

7.2 

7.3 

7.3 

7.1 

as 

4.7 

4.2 

as 

ar» 

a  3 

4.7 

a  8 

7.5 

7.9 

ai 

ai 

a  2 

ao 

7.1 

as 

a  6 

a  3 

ao 

4.8 

4.6 

a  9 

a  7 

7.4 

7.9 

ai 

a  2 

7.9 

7.6 

a6 

a  4 

a  9 

as 

a  7 

a  6 

a  5 

6.1 

7.0 

7.8 

ao 

a  2 

a  4 

a  2 

7.8 

a  9 

6.3 

a  2 

ai 

a  9 

a  9 

ao 

a  4 

7.01 

7.60 

aoo 

a  22 

a  36 

a  40 

a29 

7.78 

7.04 

aoo 

a  57 

a  23 

4.98 

4.91 

ao8 
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AVfiBAOB  VELOCITY  OF  THE  WlKD  VOB  KA.CH  HOUR  OF  THK 

NEW  ORLEANS,  LA. 


Date. 


1883  to  1889. 

Jan 

Feb 

Mar 

Apr 

May 

Jnne — 

July 

Ang 

Sept 

Oct 

Nov 

Dec 

Means 


S 

ea 


8.4 
7.8 
7.0 
6.0 
.5.4 
4.3 
4.1 
4.1 
5.3 
6.6 
7.0 
7.5 

6.12 


S 

0« 


8.5 
7.5 
6.8 
5.8 
5.1 
4.1 
8.9 
3.9 
5.1 
6.2 
6.7 
7.1 

5.89 


a 

CO 


8.4 
7.3 
6.8 
5.6 
4.9 
4.0 
3,7 
3.8 
4.9 
6.2 
6.5 
6.8 

5.74 


S 


8.3 
7.2 
6.6 
5.3 
4.7 
3.8 
3.6 
3.8 
4.8 
6.2 
6.5 
7.0 

5.651 


a 


8.3 
7.2 
6.6 
5.1 
4.4 
3.6 
3.5 
3.8 
4.9 
6.2 
6.6 
7.1 

5.61 


a 

CO 


8.2 
7.1 
6.7 
5.4 
4.4 
3.5 
3.5 
3.8 
5.0 
6.5 
6.6 
7.1 

5.65 


a 


8.4 
7.1 
6.7 
5.5 
4.4 
3.8 
3.5 
4.2 
5.4 
6.5 
6.8 
6.9 

5.77 


a 

CB 
OD 


8.2 
7.2 
6.7 
5.8 
5.2 
4.7 
4.1 
4.5 
5.6 
6.6 
6.8 
7.0 

ao3 


a 


as 

7.6 
7.3 
7.2 
7.0 
6.3 
5.5 
5.9 
6.7 
7.7 
7.3 
7.5 

7.04 


e 

. 

o 


S.9 
8.4  I 
8.5. 
9.0 

a2, 

7.1 

6,7 
7.9  I 

8.3 
8.1  , 

8.04 


NEW  YORK  CITY,  N.  Y. 


1883  to  1889. 

Jan 

Feb 

Mar 

Apr 

May 

Jnne 

Jaly 

Aug 

Sept 

Oct 

Nov 

Dec 

Means 


10.4 

10.5 

10.5 

10.3 

10.1 

10.1 

10.3 

10.5 

10.3 

10.1 

10.1 

10.3 

10.7 

10.1 

10.7 

11.0 

10.6 

10.4 

10.2 

10.3 

9.8 

9.8 

10.3 

10.8 

7.8 

7.4 

7.6 

7.4 

7.2 

7.7 

7.9 

8.4 

6.9 

6.7 

6.7 

6.4 

6.7 

6.8 

7.1 

7.2 

6.9 

6.6 

6.4 

6.4 

6.4 

6.5 

6.7 

7.2 

6.1 

5.7 

5.8 

6.0 

5.9 

5.8 

6.4 

6.9 

6.2 

6.2 

5.9 

5.8 

6.0 

5.9 

6.8 

7.0 

7.4 

6.9 

6.7 

6.9 

6.8 

6.9 

7.0 

7.5 

8.1 

8.0 

8.2 

8.5 

8.4 

8.6 

9.0 

9.0 

9.3 

9.1 

9.1 

8.9 

8.9 

9.0 

9.1 

9.2 

10.9 

10.5 

10.5 

10.2 

10.2 

10.3 

10.5 

10.5 

8.41 

8.18 

8.14 

a  12 

8.09 

8.12 

8.44 

8.77 

10.9 

11.6 

11.4 

9.1 

7.5 

7.3 

7.2 

7.4 

8.0 

9.8 

10.1 

10.7 

9.25 


11.3 
12.2 
11.9: 
9.31 
7.6 
7.6 
7.4' 

'•'  I 

a2 

10.3 
10.6 
11.0 

9.59' 


NORTH  PLATTE.  NEBR. 


1883  to  1889. 

Jan 

Feb 

Mar 

Apr 

May 

Jnne 

Jnly 

Ang 

Sept 

Oct 

Nov 

Deo 

Means , 


7.4 

7.0 

6.8 

7.3 

7.5 

7.2 

7.8 

7.6 

7.4 

10.1 

9.9 

9.5 

9.3 

9.2 

8.8 

9.2 

9.1 

8.4 

•  8.8 

8.4 

8.3 

7.5 

7.5 

7.4 

9.0 

8.5 

8.1 

7.5 

7.5 

7.4 

6.5 

6.4 

6.6 

6.6 

6.4 

6.2 

8.03 

7.92 

7.68 

7.1 
7.2 
7.3 
9.4 
8.5 
8.2 
7.6 
6.8 
7.9 
6.9 
6.4 
6.1 

7.45 


7.0 
7.2 
7.1 
8.9 
8.5 
8.0 
7.3 
6.2 
7.5 
6.6 
6.4 
6.1 

7.23 


7.0- 

6.8 

7.4 

7.3 

7.0 

7.0 

8.8 

8.8 

8.5 

8.2 

7.6 

6.9 

6.7 

6.6 

5.8 

5.7 

7.1 

6.7 

6.5 

6.7 

6.3 

6.2 

5.9 

6.0 

7.05 

6.91 

6.6 
7.1 
7.3 
8.6 
8.4 
6.8 
6.6 
5.8 
6.5 
6.5 
6.4 
6.0 


6.7 
7.1 
7.3 
10.2 
9.8 
8.3 
7.2 
6.7 
7.1 
6.5 
6.5 
6.0 


6.88     7.45 


6.4 

7.3 

a4' 
11.8 
10.  y 
9.5 
ao, 
8.2 1 
9.0 
7.3 
6.4 
6.1 

a«* 
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NEW  OBLEAKS,  LA. 
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• 

CO 

a 

• 

P4 

to 

CO 

9.2 
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* 
OD 

8.0 

• 
o> 

P4 

o 

Pi 

®  a 

9.2 

10.1 

10.4 

10.8 

10.0 

8.3 

8.0 

7.8 

8.2 

8.4 

8.8 

9.1 

9.4 

9.8 

10.0 

10.5 

10.2 

10.2 

9.5 

8.4 

7.7 

7.8 

7.9 

7.9 

8.0 

8.4 

9.4 

10.0 

10.2 

10.3 

10.5 

10.4 

10.1 

9.7 

8.7 

7.7 

7.4 

7.2 

7.4 

7.2 

8,2 

9.6 

9.7 

9.9. 

9.9 

10.1 

10.0 

10.1 

9.9 

9.1 

7.5 

7.0 

6.8 

6.6 

6.3 

7.6 

fl.9 

8.9 

9.2 

9.2 

9.6 

9.3 

9.2 

8.8 

8.3 

6.9 

6.2 

6.0 

5.^7 

5.5 

6.9 

7.7 

8.1 

8.6 

8.7 

8.7 

8.7 

9.0 

8.7 

7.9 

6.5 

5.6 

5.r 

4.7 

4.7 

6.2 

7.1 

7.3 

7.3 

7.6 

7.4 

7.7 

7.7 

7.2 

6.6 

5.5 

4.8 

4.3 

4.1 

4.1 

5.5. 

7.3 

7.6 

8.0 

8.4 

8.3 

8.1 

7.9 

7.3 

6.4 

.5.3 

4.6 

4.6 

4.4 

4.2 

5.7 

8.4 

8.9 

9.0 

9.2 

9.1 

9.0 

8.6 

8.1 

7.1 

6.0 

5.8 

6.6 

5.2 

5.3 

6.7 

9.6 

9.5 

U.  5 

9.7 

9.2 

9.4 

9.1 

8.2 

6.9 

6.1 

6.2 

6.2 

6.3 

6.4 

7.5 

8.9 

9.3 

9.6 

9.5 

9.4 

9.4 

9.3 

8.3 

7.0 

6.8 

6.9 

6.8 

6.8 

6.9 

7.7 

8.8 

9.4 

9.9 

9.8 

9.8 

9.7 

9.5 

8.5 

7.8 

7.6 

7.8 

8.0 

8.0 

7.6 

8.1 

8.67 

8.98  9.26 

9.36 

9.42 

9.35 

9.22 

8.62 

7.71 

6.80 

6.51 

6.36 

6.28 

6.22 

7.26 

NEW  YORK  CITY,  N.  Y. 
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11.9 

11.9 

12.2 

12.2 

12.3 

11.8 

11.5 

10.7 

10.9 

10.9 

10.6 

10.7 

10.5 

11.0 

12.5 

12.5 

12.6 

13.4 

12.8 

12.7 

12.3 

11.7 

11.4 

11.4 

11.3 

10.9 

10.9 

10.7 

11.4 

12. 5 

12.7 

12.8 

13.0 

13.0 

13.2 

12.9 

12.8 

12.2 

11.5 

11.4 

11.3 

11.0  10.7 

11.6 

9.5 

10.1 

10.4 

10.5 

11.2 

11.0 

10.7 

10.2 

9.5 

8.9 

8.4 

7.9 

7.8  !  7.7 

8.9 

8.4 

8.8 

9.4 

9.6 

9.8 

9.8 

9.8 

9.2 

8.4 

7,8 

7.7 

7.2 

7.1     6.9 

7.9 

7.8 

8.5 

9.0 

9.4 

9.6 

9.5 

9.4 

9.0 

8.5 

8.0 

7.5 

7.3 

7.0 

6.7 

7.7 

8.0 

8.2 

8.7 

8.9 

9.4 

9.4 

9.4 

9.0 

8.1 

7.3 

7.1 

7.0 

6.7 

6.7 

7.4 

8.0 

8.1 

8.9 

9.2 

9.4 

9.4 

8.9 

8.4 

7.6 

7.0 

6.8 

6.6 

6.3 

6.0 

7.3 

8.6 

8.9 

9.3 

9.5 

9.5 

9.5 

9.4 

8.8 

8.0 

7.9 

8.0 

7.6 

7.5 

7.7 

8.0 

10.6 

10.9 

11.3 

11.2 

11.2 

10.9 

10.6 

9.7 

9.4 

9.3 

9.2 

8.7 

8.7 

8.2 

9.5 

11.1 

11.3 

11.4 

11.7 

11.9 

11.6 

10.8 

10.5 

10.4 

10.1 

9.8 

9.7 

9.9 

9.7 

10.1 

11.4 

11.5 

12.0 

11.9 

11.7 

11.4 

10.8 

10.8 

11. 0 

10.8 

10.7 

10.8 

10.7 

10.7 

10.9 

10.00 

10.28 

10.64 

10. 8« 

10.98 

10.89 

10.57 

10.18 

9.60 

9.24 

9.07 

8.80 

a69 

8.52 

9.30 

NOKTH  PLATTE,  NEBR. 


7.0 

7.9 

9.3 

9.7 

10.1 

10.1 

9.8 

8.9 

8.1 

7.4 

7.2 

7.1 

7.1 

7.1 

7.7 

8.2 

9.2 

10.2 

10.7 

11.1 

11.4 

11.2 

10.4 

9.3 

8.2 

7.7 

7.4 

7.5 

7.4 

8.4 

9.7 

10.8 

11.3 

11.4 

11.6 

12.1 

12. 2 

11.7 

10.6 

9.1 

8.2 

7.7 

7.7 

7.4 

9.0 

13.3 

14.4 

15.2 

15.3 

15.4 

15.4 

15.0 

14.6 

14.0 

12.5 

10.7 

10.4 

10.8 

10.5 

11.8 

11.9 

12.8 

12.8 

12.5 

12.6 

12.7 

13.3 

12.9  12.8 

12.0 

10.7 

9.7 

9.9 

9.5 

10.7 

10.4 

11.0 

11.5 

12.0 

12.3 

12.4 

12.5 

12.9 

12.7 

12.4 

11.2 

9.6 

9.4 

9.5 

10.0 

9.0 

9.6 

10.1 

10.7 

10.9 

11.0 

11.4 

11.4 

11.3 

10.7 

9.9 

8.9 

8.9 

8.6 

9.1 

9.1 

9.5 

9.8 

10.1 

10.8 

10.7 

11.0 

11.2 

11.0 

9.9 

9.0 

8.5 

8.1 

8.1 

8.5 

10.4 

11.2 

11.5 

11.8 

12.2 

12.4 

12.3 

12.5 

11.4 

9.8 

9.1 

9.0 

9.2 

9.2 

9.6 

9.2 

10.8 

11.6 

12.1 

12.5 

12.5 

12.4 

11.7 

9.9 

8.4 

8.8 

8.2 

8.2 

7.8 

8.9 

7.5 

8.7 

9.8 

10.7 

11.1 

11.4 

11.1 

9.4 

7.4 

6.7 

6.7 

6.2 

6.4 

6.4 

7.6 

6.5 

7.7 

8.5 

9.3 

9.6 

9.7 

9.3 

8.1 

7.4 

7.2 

7,0 

6.9 

6.9 

6.6 

7.2 

9.35 

10.3010.96 

11.36 

11.68 

11,82 

11. 79 11. 31 

10.49 

9.52 

8.81 

8.30 

8,34 

8.18 

9.04 
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AysRAQic  Yblocity  op  the  Wind  for  bach  houb  or  thi 
OMAHA,  NEBR. 


Date. 


1883  to  1889 

Fob 

MftT 

Apr 

liay 

June 

July 

Aug 

Sept 

Oct 

Nov 

Deo 

Means 


9 


8.5 
8.2 
7.8 
8.0 
6.5 
5.4 
5.6 
5. 2 
6.5 
6.9 
7.7 
8.2 

7.04 


a 


8.4 
8.2 
7.7 
8.1 
6.3 
5.4 
5.4 
5.2 
6.1 
6.6 
7.6 
8.2 

6.93 


a 

eo 


8.3 
8.4 
7.8 
8.0 
6.4 
5.3 
5.3 
5.0 
5.8 
6.4 
7.6 
8.4 

6.89 


• 

• 

a 

a 

• 

fli 

"* 

kO 

8.1 

7.8 

8.2 

8.2 

7.5 

7.6 

7.9 

7.7 

6.3 

6.3 

4.9 

4.9 

5.1 

4.6 

4.6 

4.6 

5.8 

5.6 

6.2 

6.1 

7.3 

7.1 

8.1 

8.2 

6.67 

6.56 

a 

CO 


7.9 
8.1 
7.4 
7.5 
6.2 
4.6 
4.5 
4.6 
5.6 
6.0 
7.2 
8.1 

6.48 


a 


8.0 
7.9 
7.7 
7.6 
6.2 
4.8 
4.3 
4.6 
5.7 
6.0 
7.2 
8.2 

6.52 


a 

00 


7.8 
8.0 
7.8 
7.9 
6.6 
5.6 
4.6 
5.1 
5.9 
5.9 
7.2 
8.2 

6.71 


I 


a 


8.1 
8.1 
8.2 

9.0 
7.8 
6.6 
5.7 
5.9 
6.8 
6.6 
7.5 
8.2 

7.381 


6.4 
8.5 
9.0 
10.  U 
9.0 

7.:\ 

6.6 
6.6 

7.C 
7.6 
8.5 
8.4 

8.14 


PALESTINE,  TEX. 


1883  to  1889 

Feb 

Mar 

Apr 

Miy 

June 

Jnly 

Aug 

Sept 

Oct 

Nov 

Dec 

Means.... 


9.0 

9.2 

9.7 

9.6 

9.2 

9.3 

9.3 

9.2 

8.3 

8.1 

6.6 

6.5 

6.7 

6.6 

6.8 

6.8 

7.4 

7.2 

7.6 

7.2 

8.0 

7.7 

8.5 

8.5 

8.09 

7.99 

9.1 
9.5 
9.3 
9.1 
8.0 
6.3 
6.5 
6.3 
7.0 
7.0 
7.7 
8.7 

7.88 


9.3 

9.2 

1 
9.1 

9.6 

9.7 

9.7 

8.9 

9.1 

9.2 

8.6 

8.2 

8.2 

7.6 

7.4 

7.2 

6.0 

6.0 

.').7 

6.3 

6.3 

6.2 

6.0 

6.0 

5.9 

6.9 

6.8 

6.6 

7.0 

6.8 

7.2 

7.0 

7.7 

7.4 

8.7 

8.7 

8.8 

7.71 

7.66 

7.60 

8.9 
9.4 
8.9 
8.1 
7.0 
5.3 
5.9 
5.8 
6.5 
6.8 
7.4 
8.3 

7.36 


8.9 

8.8 

9.2 

9.2 

8.9 

9.1 

8.3 

9.0 

6.9 

7.3 

5.3 

6.2 

6.0 

7.3 

5,7 

6.4 

6.4 

6.4 

6.8 

7.0 

7.5 

7.5 

8.2 

8.4 

7.34 

7.72 

9.1 
9.6 

9.8 
9.9 
8.4 

7.2  . 

7,9 

7.5 

7.r> 

7.tf 
8.7 
8.42 


PHILADELPHIA,  PA. 


1883  to  1889. 

Jan 

Feb 

Mar 

Apr 

May 

June 

tl  U I J     ••*•••  •••• 

J&Ulc  •*••••  ••••  • 

Sept 

Oct 

Nov 

Dec 

Means 


9.8 

9.5 

9.4 

9.3 

9.4 

9.4 

9.4 

9.6 

9.3 

9.3 

9.5 

9.7 

9.8 

9.8 

9.6 

10.0 

10.2 

10.0 

9.9 

9.9 

10. 0 

9.9 

10.3 

10.9 

9.0 

9.2 

8.7 

8.7 

8.7 

9.0 

9.7 

10.8 

7.4 

7.4 

7.3 

7.2 

7.0 

7.3 

7.9 

8.7 

7.2 

7.1 

7.1 

7.1 

7.1 

7.7 

8.2 

8.9 

6.6 

6.6 

6.6 

6.6 

6.6 

6.7 

7.5 

8.2 

6.3 

6.3 

6.3 

6.4 

6.2 

6.4 

6.9 

7.9 

8.0 

7.7 

7.6 

7.6 

7.8 

7.7 

8.1 

a9 

7.9 

7.9 

8.0 

8.1 

8.2 

8.2 

8.4 

8.9 

9.0 

8.8 

8.7 

8.8 

9.0 

8.8 

8.8 

9.3 

9.9 

9.6 

9.8 

9.6 

9.6 

9.8 

9.6 

9.6 

8.38 

8.28 

8.24 

8.25 

a28 

8.39 

8.70 

9.31 

10.4 

11.2 

10.8 

1L4 

12.3 

13.1 

11.4 

12.3 

9.2 

9.4 

9.7 

9.7 

a7 

8.8 

8.5 

9.1 

9.9 

laa 

10.0 

ia8 

10.3 

1L6 

10.2 

11.0 

10.12 


10.72. 
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OMAHA,  NEBB. 
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a 
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* 
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• 

a 

a 

• 

a 

a 

• 
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P  % 

«-4 

1 

• 

10.1 

m 

10.6 

• 

CO 

« 

p* 

• 

p* 

« 

p* 

P* 

• 

p* 

X 

8.4 

• 

o 
8.6 

Pi 

s 

p* 

fH 

3 

9.2 

9.7 

10.8 

10.8 

10.3 

9.5 

8.6 

8.7 

a9 

8.5 

S.0 

9.2 

9.6 

10.1 

10.4 

10.8 

10.7 

10.5 

9.9 

9.0 

8.3 

8.2 

8.1 

8.2 

8.2 

a9 

9.5 

9.8 

10.3 

10.5 

10.7 

10.9 

10.7 

10.1 

9.7 

8.4 

7.9 

8.0 

8.2 

7.8 

8.8 

10.6 

11.8 

11.9 

12.4 

12.8 

12.6 

12.6 

11.8 

10.8 

9.5 

8.4 

8.4 

8.2 

8.2 

9.6 

10.0 

10.6 

11. 0 

11.2 

11.5 

11.4 

11.4 

11.1 

10.3 

a9 

7.4 

6.7 

6.8 

6.6 

8.4 

7.8 

8.5 

8.9 

9.3 

9.2 

9.2 

9.2 

8.8 

8.1 

7.3 

6.1 

5.5 

5.6 

5.5 

6.8 

7.2 

7.6 

8.0 

8.2 

8.7 

8.8 

8.5 

8.1 

7.2 

6.3 

5.5 

5.1 

5.4 

5.4 

6.3 

7.1 

8.0 

8.4 

8.5 

8.6 

8.5 

8.2 

7.9 

6.9 

5.7 

5.1 

5.1 

5.2 

5.4 

6.8 

8.5 

9.3 

10.0 

10.3 

10.4 

10.5 

9.9 

9.0 

7.6 

6.2 

6.2 

6.2 

6.4 

6.4 

7,4 

8.9 

9.6 

9.9 

10.6 

11.0 

10.9 

10.3 

9.1 

7.4 

6.7 

6.9 

6.9 

7.1 

7.1 

7.8 

9.5 

9.9 

10.3 

10.5 

10.8 

10.7 

10.2 

8.9 

8.2 

8.0 

8.1 

8.0 

8.0 

7.7 

8.5 

9.0 

1 

9.6 

10.0 

10.4 

10.3 

10.3 

9.7 

8.6 

8.4 

8.5 

8.8 

8.6 

&4 

a8 

8.8 

8.88 

t 

9.46 

9.91 

10.24 

10.47 

10.44 

10.12 

9.40 

8.52 

7.68 

7.27 

7.11 

7.20 

7.09 

8.05 

PALESTINE,  TEX. 


9.7 

10.4 

10.7 

10.9 

10,9 

11.1 

11.1 

10.5 

9,2 

8.6 

8.5 

8.6 

9.3 

9.3 

9.6 

10.6 

11.2 

11.6 

11.8 

12.0 

12.0 

12,0 

11.4 

10.4 

9.0 

8.7 

9.1 

9.6 

9.9 

10.2 

10.8 

11.4 

11.1 

11.2 

11.2 

11.2 

11.0 

11.1 

10.4 

9.1 

8.4 

8.7 

9.1 

9.4 

9.8 

[0.5 

11.0 

U.2 

11.1 

11.3 

11.3 

11.3 

10.6 

9.9 

8.5 

8.0 

8.4 

9.0 

9.3 

9.6 

9.3 

9.8 

9.8 

9.7 

9.8 

9.8 

9.7 

9.4 

8.4 

6.9 

6.4 

6.9 

7.4 

8.2 

8.2 

7.3 

7.4 

7.3 

7.6 

7.9 

7.7 

7.9 

8.0 

7.0 

5.9 

5.6 

5.8 

6.4 

6.8 

6.7 

8.0 

8.0 

7.9 

7.7 

8.1 

8.0 

7.8 

7.5 

6.8 

5.5 

5.8 

5.7 

6.1 

6.7 

6.9 

7.H 

7.6 

7.6 

7.5 

7.8 

7.8 

7.9 

H.2 

7.5 

6.2 

.5.7 

6.0 

6.4 

6.7 

6.8 

H.  I 

8.5 

8.2 

8.3 

8.5 

8.6 

8.6 

8.4 

7.3 

6.2 

6.3 

6.8 

7.2 

7.7 

7.4 

8.8 

9.2 

9.1 

9.1 

9.1 

8.8 

9.0 

8.4 

6.8 

6.3 

6.8 

7.1 

7.5 

7.7 

7.7 

tt.7 

9.4 

9.4 

9.3 

9.4 

9.5 

9.2 

8.5 

7.2 

6,9 

7.4 

7.9 

8.1 

8.1 

ai 

9.7 

10.2 

10.3 

10.1 

10.3 

10.3 

9.8 

9.5 

8.0 

7.5 

8.1 

8.3 

8.5 

8.7 

9.0 

9.11 

9.51 

9.52 

9.52 

9.69 

9.68 

9.61 

9.29 

8.24 

7.22 

7.10 

7.44 

7.88 

8.21 

8.32 

PHILADELPHIA,  PA. 


12.0 

12.3 

12.8 

12.4 

12.3 

12.0 

n.i 

10.4 

10.4 

10.3 

10.2 

10.2 

10.0 

9.9 

10.6 

11.8 

11.9 

12.5 

12.5 

12.4 

12.3 

n.9 

10.8 

10.0 

9.4 

9.5 

9.5 

9.4 

9.6 

10.5 

13.5 

13.5 

13.8 

14.0 

14.2 

14.2 

13.4 

12.1 

11.2 

10.7 

10.7 

10.8 

10.6 

10.4 

11.7 

12.5 

12.8 

13.0 

13.1 

13.0 

12.9 

12.6 

11.9 

10.5 

9.6 

9.1 

9.2 

9.0 

9.0 

10.6 

9.8 

10.2 

10.7 

10.9 

10.7 

10.8 

10.7 

10.4 

9.2 

8.4 

7.9 

7.9 

7.6 

7.7 

as 

10.1 

10.4 

10.7 

11.2 

1L6 

11.6 

11.2 

10.7 

9.7 

8.6 

a  2 

ao 

7.6 

7.4 

9.0 

9.0 

9.6 

10.0 

10.4 

11.3 

10.6 

10.3 

9.8 

8.7 

7.6 

7.3 

6.8 

6.7 

a  6 

a  2 

9.0 

9.4 

10. 0 

10.3 

10.6 

10.6 

9.9 

9.2 

8.0 

7.0 

6.6 

6.3 

ai 

6.1 

7.9 

10.4 

10.7 

11.0 

10.9 

11.0 

10.9 

10.3 

9.3 

8.4 

8.1 

ao 

ao 

7.8 

ai 

9.0 

11.2 

1L6 

11.7 

11.5 

11.7 

11.7 

10.7 

9.3 

8.9 

a  3 

ai 

a  4 

a  4 

ai 

9.5 

lv>.2 

12,3 

12.5 

12.4 

12.2 

11.8 

10.2 

9.5 

9.5 

9.4 

9.5 

9.4 

9.5 

9.4 

10.1 

11.7 

12.0 

12.1 

12.2 

11.9 

11.4 

10.7 

10.2 

10.2 

10.2 

10.1 

9.9 

9.9 

9.7 

10.4 

U.10 

11.3911.73 

11.82 

1L91 

11,  ra 

11.08 

10.30 

9.56 

a97 

a  77 

a  70 

a  55 

aso 

9.71 
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KEPOET   OF  THE   CHIEF   SIGNAL   OFFICER. 


AVXRAaS  YBLOCtTT  OF  THS  WiND  FOR  BACH  HOUR  OF  THK 

PHCBNIX,  ABIZ. 


Date. 


1879  to  1881. 

Jan.* 

Feb.* 

Mar 

Apr 

May 

Jane 

July 

Ang.* 

Sept 

Oct 

Nov 

Deo 

Means 


S 


2.2 
2.3 
1.8 
2.0 
1.8 
1.5 
1.7 
1.8 
1.3 
1.5 
1.6 
1.9 

1.78 


a 

09 


2.5 
2.2 

1.9 
2.0 
2.0 
1.8 
1.7 
1.6 
1.5 
1.5 
1.7 
1.9 

1.86 


a 


2.4 

2.2 

1.9 

2.0 

2.0 

1.9 

1.7" 

1.4 

1.7 

1.5 

1.6 

1.9 

1.85 


a 

• 


2.3 
2,3 

1.9 
2.0 
1.8 
2.0 
1.8 
1.5 
1.5 
1.5 
1.7 
2.0 

1.86 


a 

kO 


2.0 
3.2 
1.9 
2.1 
1.9 
2.1 
2.0 
1.4 
t.6 
1.6 
1.4 
1.8 

1.83 


a 

« 

CO 


2.2 
2.4 
2.8 
2.9 
1.9 
2.4 
2.2 
1.9 
1.9 
1.7 
1.6 
2.0 

2.12 


a 


2.7 
2.4 
2.7 
3.0 
2.1 
2.3 
2.5 
2.2 
2.4 
2.2 
2.1 
2.2 

2.40 


a 

. 

m 

00 


2.7 
2.9 
2.8 
3.3 
2.0 
2.2 
2.3 
2.2 
2.5 
2.5 
2.5 
2.7 

2.55 


a 


a 


«    i  2 


2.8 
3.2 
3.0 
3.5 
2.6 
2.6 
2.7 
2.6 
2.3 
2.5 
2.9 
2.5 

2.77 


2.8 
3.6 
3.2 
4.0 
3,2 
3.0 
3.1 
2.7 
2.1 
2.9 
2.9 
2.8 

3.02 


PITTSBURGH,  PA. 


1688  to  1889. 
Jan ---- 

6.7 
7.2 
6.2 
4.6 
3.9 
3.8 

3;i 

3;1 
.3.4 
4.1 
5.7 
6.2 

4.83 

6.5 
6.8 
6.0 
4.4 
4.1 
3.5 
3.0 
2.9 
3.3 
4.0 
5.9 
5.9 

4.69 

6.7 
7.0 
6.0 
4.5 
4.0 
3.8 
2.8 
3.0 
3.2 
3.9 
5.9 
6.0 

4.73 

6.8 
6.9 
6.1 
4.6 
4.1 
3.6 
2.9 
3.1 
3.2 
3.9 
5.7 
6.1 

4.75 

6.8 
7.1 
6.0 
4.6 
4.0 
3.5 
2.9 
3.0 
3.3 
4.0 
5.9 
6.2 

4.78 

6.8 
7.5 
6.1 
4.7 
4.1 
3.6 
2.9 
3.0 
3.4 
4.2 
6.1 
6.2 

4.88 

7.2 
7.2 

6.2 
5.0 
4.2 
4.1 
3.0 
3.2 
3.4 
4.2 
6.1 
6.3 

5.01 

7.3 
7.2 
6.6 
5.6 
4.9 
4.8 
3.8 
3.6 
3.8 
4.5 
6.3 
6.5 

5. 41 

7.7 
7.6 
7.5 
6.4 
5.8 
5.7 
4.1 
4.4 
4.5 
5.2 
6.8 
6.8 

6.04 

8.0 
8.0 
8.0 
7.0 
6.4 
6.3 
5.3 
.5.2 
5.5 
5.8 
7.1 
7.1 

6.64J 

Feb 

Mar 

Anr .-.- 

May 

Jone. ........ .... 

July 

Autr.  t.--- ... 

gent 

Oct 

Not 

Deo 

Means 

PORTLAND,  OREGON. 


1883  to  1889. 

Jan 

Feb 

Mar 

Apr 

May 

Jane 

July 

Auk 

Sept 

Oct 

Nov 

Dec 

Means 


4.9 

5.0 

5.0 

4.9 

5.0 

4.8 

4.8 

4.9 

4.8 

4.1 

3.9 

3.8 

3.7 

3.8 

3.9 

3.9 

.3.7 

4.0 

4.2 

4.1 

3.9 

3.7 

3.7 

3.6 

3.4 

3.6 

3,7 

4.7 

4.5 

4.2 

3.8 

3.9 

3.8 

3.6 

3.4 

3.5 

5.3 

4.8 

4.4 

3.9 

3.9 

3.6 

3.5 

3.1 

3.5 

5.5 

4.8 

4.1 

3.7 

3.2 

3.2 

3.0 

2.7 

3.1 

5.4 

5.0 

4.1 

3.6 

3.2 

2.8 

2.8 

2.5 

2.7 

4.6 

3.6 

3.1 

2.4 

2.3 

2  2 

2.1 

2.0 

2.0 

4.6 

4.1 

3.8 

3.7 

3.5 

3.5 

3.3 

3.2 

.^3 

3.5 

3.6 

3.3 

3.3 

3.5 

3.6 

3.5 

3.4 

3.7 

4.3 

4.3 

4.1 

4.2 

4.4 

4.2 

4.2 

4.1 

4.1 

4.6 

4.4 

4.6 

4.8 

4.9 

4.9 

5.0 

4.8 

4.9 

4.64 

4.34 

4.03 

3.81 

3.78 

3.68 

3.59 

3.45 

3.61 

4.7 
3.7 
3.9 
3.8 
4.4 
4.1 
3.6 
2.4 
3.5 
3.6 
3.5 
4.8 

3.83! 


*  Two  years. 


tSix  yeuft. 
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DAY,  Skvrntt- FIFTH  Mekidzak  Time,  ETC.— Continued. 

PHCENIX,  ARIZ. 


• 

• 

• 

>> 

s 

• 

• 

S 

• 

• 

a 

• 

a 

• 

a 

• 

a 

• 

a 

* 

a 

m 

a 

a 

a 

Honrl 
means. 

flB 

s 

• 

m 
04 

• 

• 

Pi 

P4 

• 

0< 

P4 

• 

P4 

P4 

*-« 

Jz; 

iH 

04 

CO 

'» 

\a 

CO 

t» 

00 

w. 

r5 

^^ 

^ 

2.8 

2.8 

3.0 

2.9 

2.4 

1.5 

1.6 

1.6 

1.6 

1.8 

1.8 

2.0 

2.0 

1.9 

2.2 

4.0 

4.5 

4.6 

4.4 

4.2 

3.0 

2.5 

2.6 

2.0 

2.0 

2.0 

2.2 

2.2 

2.1 

2.8 

3.3 

3,6 

4.0 

4.0 

3.6 

2.6 

1.8 

1.4 

1.3 

1.7 

1.4 

1.6 

1.7 

1.6 

2.4 

4.4 

5.1 

5.3 

5.T 

5.4 

4.7 

2.7 

2.5 

2.3 

2.0 

2.1 

2.1 

1.8 

2.0 

3.1 

3.6 

4.4 

5.0 

5.3 

5.1 

4.4 

2.4 

1.9 

1.8 

1.4 

1.4 

1.3 

1.2 

1.5 

2.6 

3.5 

4.3 

4.9 

5.3 

5.3 

5.0 

3.0 

2.1 

2.0 

1.6 

1.6 

1.3 

1.4 

1.4 

2.7 

3.4 

3.9 

4.1 

4.3 

4.4 

4.2 

3.1 

2.6 

3.0 

2.9 

2.3 

2.1 

2.0 

2.1 

2.8 

3.2 

3.3 

3.6. 

3.4 

3.3 

3.2 

2.2 

2.0 

2.2 

1.9 

2.0 

2.0 

1.8 

1,7 

2.3 

2.3 

2.8 

2.8 

2.7 

2.3 

1.4 

1.1 

1.2 

1.0 

1.0 

1.0 

1.0 

1.2 

1.4 

1.7 

2.8 

3.0 

3.1 

2.9 

2.2 

1.3 

1.0 

1.0 

1.0 

1.1 

1.4 

1.7 

1.5 

1.5 

1.9 

3.3 

3.1 

3.1 

2.8 

1.7 

1.3 

1.0 

0.9 

1.1 

1.5 

1.6 

1.8 

1.0 

1.7 

1.9 

2.6 

2.8 

2.7 

2.3 

1.4 

1.1 

1.1 

1.0 

1.1 

1.4 

1.6 

1.6 

1.7 

1.8 

1.9 

3.27 

3.63 

3.85 

3.83 

3.44 

2.81 

1.96 

1.73 

1.70 

1.69 

1.68 

1.72 

1.68 

1.72 

2.37 

PITTSBURGH,  PA. 


8.3 

8.5 

8.9 

9.0 

8.8 

8.6 

8.3 

8.0 

7.5 

7.5 

7.5 

7.3 

6.8 

6.9 

7.6 

8.2 

8.4 

8.8 

8.9 

9.0 

8.7 

8.4 

7.6 

7.3 

7.2 

7.3 

6.9 

7.0 

7.1 

7.6 

8.1 

8.5 

9.0 

9.1 

9.1 

8.9 

8.6 

8.4 

7.2 

6.8 

6.5 

6.6 

6.5 

6.4 

7.2 

7.5 

8.1 

8.2 

8.4 

8.5 

8.2 

8.0 

7.6 

6.8 

6.0 

5.6 

5.3 

5.0 

5.4 

6.2 

7.0 

7.6 

7.7 

7.9 

7.9 

7.8 

7.7 

7.3 

6.4 

5.7 

4.9 

4.4 

4.8 

4.1 

5.7 

6.8 

7.4 

7.5 

7.6 

7.6 

7.5 

7.4 

6.8 

6.0 

5.1 

4.5 

4.0 

3.9 

4.0 

5.4 

5.9 

6.5 

6.8 

7.1 

7.2 

7.3 

7.2 

6.8 

6.2 

4.9 

4.0 

3.4 

3.3 

S.4 

4.7 

5.8 

6.5 

6.5 

6.6 

6.6 

6.8 

6.5 

6.2 

5.4 

4.2 

3.7 

3.3 

3.1 

3.0 

4.5 

6.4 

7.0 

7.1 

7.0 

7.1 

6.9 

6.7 

6.2 

5.2 

4.6 

4.2 

4.0 

3.9 

3.6 

4.9 

6.3 

7.0 

7.2 

7.3 

7.5 

7.1 

7.0 

5.9 

5.4 

4.9 

4.5 

4.5 

4.4 

4.3 

5.3 

7.6 

8.1 

8.0 

8.1 

8.4 

8.1 

7.6 

7.1 

6.7 

6.4 

6.2 

5.8 

5.9 

6.0 

6.7 

7.3 

7.9 

8.2 

8.1 

8.1 

7.8 

7.5 

7.3 

7.2 

6.8 

6.6 

6.3 

6.2 

6.4 

6.9 

7.10 

7.62 

7.82 

7.92 

7.98 

7.81 

7.58 

7.10 

6.44 

5.84 

5.46 

5.15 

5.02 

5.05 

6.07 

PORTLAND,  OREGON. 


4.9 

.5.2 

5.5 

5.9 

6.1 

6.2 

6.1 

6.1 

5.7 

5.4 

5.1 

4.9 

m 

4.9 

4.8 

5.2 

4.0 

4.4 

5.0 

5.4 

5.8 

6.4 

6.6 

6.5 

6.4 

6.0 

5,1 

4.5 

4.3 

4.1 

4.7 

4.4 

5.3 

5.7 

6.3 

6.4 

6.4 

6.8 

7.2 

7.1 

6.7 

5.8 

4.7 

4.4 

4.2 

5.0 

4.7 

5.6 

6.2 

6.5 

6.6 

6.6 

6.8 

7.1 

7.4 

7.4 

6.7 

5.6 

5.0 

4.7 

5,3 

5.4 

5.8 

6.0 

6.3 

6.8 

7.0 

7.1 

7.2 

7.2 

7.2 

7.2 

7.0 

6.2 

5.5 

5.5 

5.0 

5.6 

5.8 

5.8 

6.0 

6.2 

6.4 

6.6 

7.2 

7.3 

7.3 

6.9 

6.2 

5.8 

5.2 

4.8 

5.4 

5.5 

5.6 

6.1 

6.1 

6.4 

6.6 

7.0 

7.2 

7.4 

6.9 

5.9 

5.6 

5.1 

3.3 

4.4 

5.2 

5.5 

5.8 

6.0 

6.3 

6.4 

6.8 

7.3 

7.1 

6.2 

5.3 

5.1 

4.5 

4.0 

4.9 

5.7 

6.2 

6.4 

6.6 

6.8 

7.0 

6.9 

6.5 

5.9 

5.0 

4.8 

4.7 

4.9 

4.0 

4.6 

5.1 

5.4 

5.9 

5.7 

5.4 

5.4 

5.2 

4.5 

3.9 

3.6 

3.4 

3.5 

4.2 

4.1 

4.2 

4.9 

5.2 

5.6 

5.7 

5.6 

5.6 

5.2 

4.4 

4.3 

4.2 

4.2 

4.1 

4.5 

4.9 

5.1 

5.3 

6.0 

6.3 

6.1 

6.1 

6.1 

5.8 

5.1 

5.1 

5.0 

4.9 

4.9 

5.2 

4.47 

5.04 

5.49 

5.84 

6.15 

6.25 

6.37 

6.48 

6.49 

6.25 

5.91 

5.38 

4.96 

4.75 

4.94 

11945- 
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REPORT   OF   THE   CHIEF  SIGNAL   OFFICEB. 


AvBKAGB  Velocity  of  the  Wind  for  each  hour  of  the 
RED  BLUFF,  CAL. 


Date. 


5.9 
4.6 
ft.C 
5.4 
5.4 
6.0 

5.92 


m 

• 

B 

a 

<fi 

• 

« 

CO 

5.7 

6.0 

6.1 

6.6 

6.*^ 

6.1 

6.4 

6.1 

45.5 

6.1 

7.3 

6.6 

s 

e8 


5.9 
4.3 

5.4 
5.6 
6.0 

5.88 


5.9 
6.5 
6.3 
6.1 
5.8 
5.9 
5.0 
4.0 
5.6 
5.6 
5.4 
6.0 

5.68 


S 

08 


5.9 
6.6 
6.4 
6.4 
5.9 
5.6 
4.3 
4.0 
5.7 
5.7 
5.6 
6.2 

5.69 


■  • 

• 

• 

a 

a 

a 

• 

«8 

m 

SB 

« 

CO 

t* 

00 

5.9 

6.2 

6.0 

6.3 

6.4 

6.2 

6.6 

6.5 

6.2 

6.4 

6.3 

6.2 

5.9 

5.7 

5.4 

5.2 

5.1 

5.2 

4.3 

3.9 

3.6 

3.7 

3.6 

3.4 

5.4 

5.5 

5.5 

5.4 

5.6 

5.7 

5.8 

5.8 

5.5 

6.2 

6.5 

6.4 

5.61 

5.59 

5.44 

a 


a 


6.0 
6.2 
6.2 
6.2 
5.2 
5.1 
3.6 
3.3 
5.3 
f).6 
5.8 
6.6 

5.42 


o 


5.9 
6.2 
6.3 
6.5 
6.1 
6.2 
4.1 
3.1 
5.2 
5.5 
5.9 
&9 

5.66 


RIO  GRANDE  CITY,  TEX. 


1884  to  1889. 

Jan 

Feb 

Mar 

Apr 

May 

Jane 

July 

Ang 

Sept 

Oct 

Nov 

Dec 

Means .... 


5.3 

5.1 

5.1 

4.9 

4.0 

4.8 

4.6 

• 

4.5 

4.6 

5.6 

5.3 

5.3 

5.0 

4.7 

4.8 

5.0 

4.7 

4.4 

6.3 

5.6 

5.3 

4.8 

4.6 

4.6 

4.6 

4.5 

4.7 

7.9 

7.3 

6.7 

6.3 

5.9 

5.9 

.5.6 

5.5 

6.6 

7.9 

6.4 

6.2 

5.7 

5.6 

5.4 

5.2 

5.3 

6.2 

6.6 
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13.2 

13.4 

13.6 

13.4 

13.5 

12.9 

12.5 

11.7 

11.6 

11.5 

11.7 

11.8 

12.2 

13.2 

13.7 

14.2 

14.3 

14.8 

14.9 

14.5 

14.3 

13.6 

12.0 

11.5 

11.5 

11.4 

11.4 

12.6 

11.4 

U.9 

12.1 

12.3 

12.7 

12.9 

12.7 

12.4 

11.8 

10.5 

9.6 

9.2 

9.4 

9.5 

10.5 

9.5 

9.7 

10.4 

10.7 

11.1 

11.2 

10.9 

10.9 

10.3 

8.6 

7.8 

8.0 

7.7 

7.8 

8.9 

8.2 

8.6 

9.1 

9.1 

9.3 

8.9 

9.f 

9.5 

9.0 

U.1 

7.2 

7.0 

7.2 

7.1 

7.8 

8.4 

9.0 

9.1 

9.4 

9.5 

9.4 

9.5 

9.6 

9.0 

8.0 

7.6 

7.4 

7.2 

7.3 

7.9 

9.7 

10.6 

10.7 

10.9 

11.3 

11.3 

11.4 

11. 0 

10.1 

9.3 

9.5 

9.4 

9.4 

9.5 

9.6 

10.5 

10.9 

11.3 

11.6 

11.7 

11.8 

11.8 

10.8 

10.3 

10.0 

10.1 

10.2 

10.3 

10.3 

10.3 

a.  4 

11.5 

12.3 

12.7 

12.9 

12.9 

12.8 

11.8 

11.3 

11.4 

11.3 

11.1 

11.4 

11.2 

11.5 

12.0 

12.0 

12.4 

12.3 

12.4 

12.4 

12.4 

12.1 

11.9 

12.0 

11.8 

U.8 

11.8 

11,5 

11.8 

10.96 

11.27 

11.65 

11.85 

12.08 

12.04 

11.98 

11.58 

11.04 

10.32 

10.06 

9.99 

10.08 

10.02 

10.56 

ST.  PAUL,  MINN. 


5.9 

6.5 

7.2 

7.2 

7.3 

7.3 

6.7 

6.0 

5.6 

5.7 

5.6 

5.2 

5.1 

6.3 

5.8 

6.6 

7.1 

7.8 

8.4 

8.7 

8.8 

8.3 

8.1 

7.1 

6.5 

6.4 

6.2 

6.0 

5.3 

6.5 

8.1 

8.5 

8.8 

9.1 

9.6 

9.5 

9.1 

8.3 

7.2 

5.9 

5.7 

5.8 

6.1 

6.1 

6.9 

10.4 

10.9 

11.4 

11.8 

12.1 

12.2 

12.0 

11.3 

10.0 

8.6 

7.6 

7.4 

7.5 

7.2 

a9 

9.1 

9.8 

10.5 

10.6 

10.7 

10.6 

10.4 

9.9 

9.2 

7.5 

6.0 

5.7 

5.3 

5.1 

7.4 

7.3 

8.2 

8.7 

8.9 

9.1 

9.1 

9.2 

9.0 

8.1 

6.6 

5.0 

4.1 

3.9 

3.9 

6.0 

6.8 

7.3 

7.7 

8.2 

8.3 

8.4 

7.7 

7.4 

6.7 

5.4 

4.3 

3.9 

3.8 

:(.7 

5.5 

7.2 

7.9 

8,3 

8.6 

8.6 

8.7 

8.5 

8.0 

7.1 

.5.8 

4.9 

4.6 

4.8 

4.5 

5.9 

8.4 

9.5 

10.0 

10.2 

10.5 

10.2 

10.1 

9.1 

7.4 

6.5 

6.1 

6,2 

6.0 

5.8 

7.2 

7.8 

8.1 

8.6 

9.0 

9.4 

9.2 

8.9 

7.5 

6,0 

5.4 

5.2 

5.1 

5.2 

5.7 

6.5 

5.6 

7.6 

8.0 

8.3 

8.5 

8.3 

7.5 

6.5 

6.0 

5.9 

5.9     5.7 

5.4 

5.5 

6.3 

6.4 

6.8 

7.4 

7.4 

7.5 

7.5 

6.9 

6.1 

5.8 

5.7 

5.6 

5.6 

5.6 

5.6 

6.0 

7.47 

8.18 

8.71 

8.98 

9.19 

9.15 

8.78 

8.10 

7.18 

6.29 

5.69 

5.46 

5.39 

5.31 

6.58 
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AVBBAGB  VBLOCITT  OF  TUB  WlND  VOR  BACH  HOUB  OF  THB 

ST.  VINCENT,  MINN. 


Date. 


1883  to  1889. 

Jan 

Feb 

Mar 

Apr 

May 

June 

July 

Ang 

Sept 

Oct 

Nov 

Deo 

Means 


S 


8.5 
8.6 

ao 

8.0 
7.1 
6.4 
5.3 
5.2 
6.6 
7.4 
7.7 
7.8 

7.22 


■ 

0< 


a6 

8.1 
7.9 
7.9 
7.0 
6.3 
5.3 
5.2 
6.9 
7.2 
7.7 
7.9 

7.17 


a 

OB 
CO 


8.4 
7.7 
8.2 
8.2 
7.0 
6.3 
5.3 
5.1 
7.2 
7.1 
7.6 
8.1 

7.18 


a 

OB 


8.2 
7.9 
8.3 
8.1 
7.3 
6.3 
5.3 
5.0 
7.1 
7.1 
7.9 
8.3 

7.23 


a 

. 

«B 


8.5 
8.0 

ai 
ai 

7.2 
6.5 
5.2 
4.9 
7.0 
7.1 

ao 
a  3 

7.24 


a 

CO 


a  4 
ai 

ai 
a  2 

7.1 
6.3 
5.1 
5.1 
7.1 
7.3 
7.7 

a  3 

7.231 


a 


a  3 
a  4 

7.7 

a  3 

7.4 
6.3 
5.2 
4.9 
7.1 
7.1 
7.6 

ao 

7.191 


a 

CB 
00 


ai 
a  2 

7.7 

a  6 
ai 

7.3 
5.6 
5.4 
7.4 
7.2 
7.7 
7.9 

7.43 


a 


ai 
ai 

a  4 

9.9 
9.6 

as 

6.7 
6.5 

ai 

7.7 
7.7 
7.8 

ao9l 


s 


ai 

H.6 
9.4 
11. 0 
10.8 
9.2 
7.6 
7.7 
9.5 

as 

8.3 

ao 

S.92 


SALT  LAKE  CITT.  UTAH. 


1884  to  1889. 
Jan  .............. 

3.5 
3.8 
4.0 
4.6 
5.2 
5.0 
5.1 
4.8 
4.2 
3.6 
3.4 
4.3 

4.29 

3.8 
4.1 
3.8 
4.4 
4.7 
4.8 
4.5 
4.3 
3.8 
3.4 
3.2 
4.3 

4.09 

3.8 
4.1 
3.9 
4.2 
4.4 
4.2 
4.2 
4.1 
3.7 
3.4 
3.2 
4.0 

3.93 

4.0 
3.8 
3.7 
3.9 
4.3 
4.0 
3.6 
3.7 
3.6 
3.4 
3.2 
4.1 

3.78 

3.9 
3.6 
3.8 
3.9 
4.0 
3.7 
3.7 
3.7 
3.4 
3.5 
3.2 
3.9 

3.69 

4.1 
3.8 
3.7 
3.9 
3.8 
3.8 
3.5 
3.6 
3.3 
3.4 
3.2 
4.0 

a68 

3.9 
3,8 
3.5 
3.8 
3.7 
3.8 
3.2 
3.5 
3.2 
3.3 
3.0 
4.1 

3.57 

3.9 
3.8 
3.4 
3.8 
3.6 
3.7 
3.2 
3.3 
•3.1 
3.2 
3.1 
4.2 

3.52 

3.8 
3.8 
3.5 
3.8 
3.3 
2.9 
2.6 
3.0 
3.1 
3.1 
3.0 
4.4 

3.36 

a6 

3.6 
3.5 
.3.8 
3.8 

a2 

2.7 
2.8 
2.7 
3.0 
3.0 
3.9 

3.30 

Feb 

Mar 

Apr 

M^m^m      ......    ......   •• 

May 

June 

Jnly 

Anir 

Sept 

Oct 

Nov 

Deo 

Meana 

SAN  DIEGO,  CAL. 


1883  to  1889. 

Jan 

Feb 

Mar 

3.8 
4.4 
3.7 
4.1 
3.7 
3.6 
2.9 
2.8 
2.7 
2.9 
3.1 
3.8 

a46 

3.9 
4.5 
3.6 
4.1 
3.7 
3.4 
2.8 
2.5 
2.6 
2.9 
3.3 
4.0 

3.44 

4.1 
4.5 
3.9 
4.2 
3.5 
3.4 
2.6 
2.3 
2.7 
3.0 
3.3 
3.8 

3.44 

4«0 
4.6 
3.8 
3.9 
3.3 
3.6 
2.7 
2.4 
2.8 
3.0 
3.2 
3.9 

3.43 

■ 

4.3 
4.7 
4.1 
3.9 
3.4 
3.7 
2.8 
2.6 
2.8 
3.1 
3.5 
3.9 

3.57 

4.3 
4.6 
4.0 
3.9 
3.4 
3.5 
2.8 
2.6 
2.8 
3.0 
3.6 
4.1 

3.55 

4.1 
4.6 
4.0 
3.8 
3.6 
3.6 
2.8 
2.4 
3.0 
3.0 
3.4 
4.0 

3.52 

4.1 
4.8 
3.9 
4.1 
3.5 
3.5 
2.9 
2.6 
2.9 
3.5 
3.6 

as 

3.60 

4.1 
4.7 
4.0 
4.0 
3.4 
3.4 
2.9 
2.4 
3.0 

as 

3.6 
4.1 

3.59 

4.1 
4.8 
4.0 
4.0 
3.6 
3.6 

ai 

2.7 
2.9 
3.2 

a4 

4.2 
a63 

Apr 

•^r*     ......   ...a   .... 

May 

Jane. 

July 

Aae 

Sept 

Oct 

Nov 

Deo 

Meana 
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• 

a 

m 

g 

• 

a 

• 

a 

• 

a 

* 

a 

• 

a 

• 

a 

■ 

a 

•a 

* 

a 

a 

• 

a 

• 

, 

1 

• 

10.1 

■ 
0« 

• 
CO 

ft 

• 

p. 

11.0 

■ 

p* 

CO 

• 

p« 

9.2 

• 

P4 

QD 

8.7 

• 

o 

& 

wt 
w^ 

•C3 

®    1 

8.8 

9.5 

10.8 

11.3 

11.6 

10.1 

8.6 

8.4 

8.5 

8.5 

9.2 

9.(5 

10.4 

11.3 

11.5 

11.8 

11.9 

11.6 

10.8 

9.6 

9.1 

8.9 

8.9 

9.0 

8.7 

9.4 

10.2 

11.2 

11.5 

12.0 

12. 5 

12.4 

12.1 

11.6 

10.5 

8.9 

8.5 

8.3 

8.1 

8.1 

9.5 

11.1 

12.8 

12.8 

12.9 

13.0 

13.0 

13.0 

12.3 

11.6 

10.3 

8.9 

8.5 

8.4 

8.4 

10.2 

11.7 

12.2 

12.8 

12.8 

li.  1 

13.2 

13.1 

12.9 

12.2 

10.8 

B.9 

7.7 

7.3 

7.1 

9.8 

10.3 

10.9 

11.0 

11.2 

11.3 

11.6 

11.6 

11.2 

10.4 

9.1 

7.3 

6.6 

6.7 

6.4 

8.6 

8.2 

8.7 

8.9 

9.0 

9.2 

9.4 

9.6 

9.2 

8.6 

7.0 

5.5 

5.0 

5.1 

5.1 

6.9 

8.6 

9.5 

9.8 

10.0 

10.4 

10.3 

9.9 

9.1 

8.1 

6.3 

5.3 

5.3 

5.3 

5.2 

7.0 

11.0 

11.8 

12.3 

12.5 

12.8 

12.6 

12.1 

11.4 

9.7 

7.8 

7.2 

7.2 

7.1 

7.3 

9.0 

10.2 

11.1 

11.6 

11.6 

11.7 

11.7 

11.4 

9.9 

8.1 

7.6 

7.4 

7.4 

7.3 

7.4 

8.7 

9.3 

10.3 

11,2 

11.4 

11.4 

11.1 

10.4 

^8.9 

a2 

8.3 

8.3 

8,3 

8.1 

8.0 

8.8 

8.2 

9.7 

10.6 

10.8 

11.0 

10.7 

10. 1 

9.2 

8.7 

8.5 

8.5 

8.2 

7.9 

8.4 

8.8 

9.77 

10.68 

11.16 

11.38 

11.62 

11.62 

11.33 

10.55 

9.58 

8.52 

7.78 

7.48 

7.40 

7.38 

8.81 

SALT  LAKE  CITY,  UTAH. 


3.6 

3.6 

4.2 

5.1 

5.7 

6.0 

6.2 

6.2 

5.5 

4.3 

3.8 

3.6 

3.5 

3.8 

4.8 

3.9 

4.4 

5.1 

5.9 

6.8 

7.4 

7.9 

7.7 

7.2 

6.0 

4.7 

4.4 

4.3 

4.1 

4.9 

3.9 

5.3 

6.3 

7.6 

8.4 

9.1 

9.4 

9.0 

8.2 

7.0 

5.4 

4.6 

4.2 

4.1 

5.4 

4.7 

6.2 

7.4 

8.6 

9.3 

9.3 

9.6 

9.2 

8.6 

7.6 

6.2 

5.3 

5.1 

5.2 

5.9 

4.9 

6.1 

7.5 

8.3 

9.0 

9.3 

9.7 

9.5 

9.0 

7.9 

6«4 

5.4 

5.4 

5.4 

6.0 

4.6 

6.5 

7.8 

8.8 

9.8 

10.1 

10.2 

9.5 

8.8 

7.8 

6.5 

5.8 

6.3 

5.7 

6.1 

3.4 

5.1 

6.3 

7.4 

8.2 

9.0 

9.2 

9.0 

8.9 

7.8 

6.2 

6.5 

7.0 

6.0 

5.7 

3.2 

4.6 

5.9 

7.0 

7.7 

8.2 

8.4 

8.1 

7.9 

6.8 

5.3 

6.2 

6.0 

5.4 

5.3 

ao 

4.0 

5.4 

6.8 

8.0 

8.6 

9.1 

8.8 

7.8 

5.9 

4.6 

4.7 

4.8 

4.4 

5.6 

3.0 

4.0 

5.3 

6.6 

7.7 

8.7 

.8.8 

8.4 

7.2 

5.2 

4.2 

3.9 

3.7 

4.1 

4.8 

3.0 

3.3 

3.9 

5.0 

5.9 

6.4 

6,8 

6.7 

5.4 

4.0 

3.4 

3.3 

3.4 

3.3 

4.0 

3.8 

4.2 

4.6 

5.3 

6.0 

6.8 

6.7 

6.5 

5.7 

4.3 

4.0 

4.3 

4.3 

4.3 

4.7 

3.75 

4.78 

5.81 

6.87 

7.71 

8.24 

a50 

8.22 

7.52 

6.22 

5.06 

4.83 

4.83 

4.65 

5.18 

SAN  DIEOO,  CAL. 


3.9 

3.3 

4.1 

5.1 

6.7 

8.0 

8.6 

• 

8.5 

8.1 

6.7 

5.0 

4.2 

3.9 

4.0 

5.0 

4.3 

4.3 

5.2 

6.6 

8.2 

9.4 

10.2 

10.0 

9.5 

8.3 

6.2 

4.9 

4.5 

4.4 

5.9 

3.8 

4.5 

5.7 

7.2 

8.7 

10.0 

10.4 

10.1 

9.6 

8.8 

7.2 

5.3 

4.1 

3.9 

5.8 

4.5 

5.5 

7.4 

9.0 

10.6 

10.9 

11.2 

10.9 

10.3 

9.6 

a  4 

6.2 

4.9 

4.2 

a4 

4.4 

5.8 

8.1 

9.5 

10.5 

11.1 

U.2 

11.0 

10.1 

9.5 

ao 

6.3 

5.0 

4.1 

6.2 

4.3 

6.2 

7;  9 

9.9 

10.8 

11.3 

11.6 

10.9 

10.3 

8.8 

8.0 

6.4 

5.2 

4.1 

6.3 

4.2 

5.9 

8.0 

9.8 

10.7 

11.4 

U.O 

10.5 

10.0 

9.1 

ai 

6.6 

4.9 

3.7 

5.8 

3.6 

5.3 

7.4 

9.3 

10.2 

10.7 

10.7 

10.2 

9.7 

8.9 

7.5 

5.9 

4.4 

3.2 

5.5 

3.4 

4.9 

6.9 

9.1 

10.5 

11.0 

11.1 

10.4 

9.8 

8.6 

6.6 

5.0 

3.9 

3.0 

5.5 

3.3 

4.1 

5.8 

7.7 

9.5 

10.3 

10.4 

10.3 

9.1 

7.3 

5.1 

3.7 

3.2 

3.0 

5.1 

3.1 

3.3 

4.3 

5.9 

7.7 

8.8 

9.4 

9.1 

8.0 

6.0 

3.9 

3.5 

3.2 

3.1 

4.7 

4.1 

3.5 

4.3 

5.2 

6.7 

8.1 

8.6 

8.5 

7.4 

5.9 

4.3 

3.9 

3.8 

3.9 

4.9 

3.91 

4.72 

6.26 

7.86 

9.23 

10.08 

10.37 

10.03 

9.32 

ai2 

6.62 

5.16 

4.25 

a  72 

5.61 

^ 
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Ateragb  Velocity  of  the  Wind  for  bach  hock  op  ths 
SAN  FRANCISCO,  CAL. 


Date. 


1883  to  1889 

Jan 

Feb 

Mar 

Apr 

May 

June 

Jaly 

Aug 

oopl  .  ..•«.• ... 

Oct 

Nov 

Dec 

Means 


• 

s 

• 

eB 

f^ 

5.2 

6.1 

7.4 

9.0 

9.1 

11.2 

11.1 

10.3 

7.9 

6.0 

5.1 

6.6 

7.92 

a 


4.9 
5.6 
6.7 
8.0 
8.1 
10.1 

9.9 
9.4 
7.1 
5.6 
4.7 
6.1 

7.19 


5.1 
5.4 
6.1 
7.5 
7.3 
9.4 
9.2 
8.6 
6.3 
5.2 
4.7 
6.0 

6,73 


a 


5.4 
5,5 
5.8 
7.1 
7.1 
H.7 
8.5 
8.0 
6.0 
4.8 
4.9 
6.2 


a 

to 


6.5 
5.3 
5.5 
6.7 
6.9 
8.5 
8.1 
7.7 
5.6 
4.6 
4.7 
6.1 


6.50,    6.27 


• 

. 

a 

a 

• 
e8 

• 

CO 

t^ 

5.6 

5.7 

5.4 

5.5 

5.6 

5.5 

6.2 

6.0 

6.7 

6.3 

8.0 

7.5 

7.5 

7.2 

7,3 

7.0 

5.3 

5.2 

4.6 

4.5 

4.7 

4.6 

6.3 

6.2 

6.10 

5.93 

a 

IB 
OD 


5.7 

5.7 
5.7 
5.8 
6.1 
6.8 
6.8 
6.5 
4.8 
4.6 
4.7 
6.4 

5.80 


a 

dl 


5.9 
5.6 
5.7 
5.8 
6.0 
6.5 
6.8 
6.5 
4.3 
4.0 
4.8 

e.4 

5.69 


5.6 
5.4 
5.9 
5.8 
6.^ 
6.9 
6.8 
6.4 
4.4 
4.4 
4.9 
6.3 

5.75 


SANTA  Ffi,  N.  MEX. 


1886  to  1889. 

Jan* 

Feb* 

Apr* 

May*  

Jane*  

July 

Aug 

Sept 

Oct 

Nov 

Dec 

Means 


6.3 

6.0 

5.8 

6.1 

6.5 

6.2 

6.0 

6.2 

5.9 

5.7 

.5.6 

5.8 

5.6 

5.3 

5.0 

6.9 

6.4 

6.2 

5.8 

5.8 

6.9 

6.8 

6.8 

5.6 

5.0 

5.7 

5.4 

5.4 

5.0 

4.6 

6.0 

5.5 

4.6 

4.3 

3.9 

5.1 

4.4 

4.1 

4.6 

3.5 

5.0 

4.3 

4.0 

3.5 

3.2 

5.1 

4.9 

4.7 

4.5 

4.1 

4.9 

4.9 

4.9 

5.3 

5.1 

4.6 

4.4 

4.5 

4.5 

4.8 

5.69 

5.40 

5.23 

5.03 

4  77 

6.4 
5.9 
4.7 
5.9 
4.8 
4.3 
3.7 
3.3 
3.0 
4.4 
5.2 
5.3 

4.74 


• 

6.6 

6.7 

6.2 

6.4 

4.9 

5.2 

5.6 

5.4 

4.4 

4.1 

3.9 

3.6 

3.5 

3.5 

3.3 

3.1 

2.9 

2.6 

4.0 

4.4 

5.4 

5.2 

5.3 

5.1 

4.67 

4.61 

6.7 
6.2 
5.0 
5.8 
4.5 
3.5 
3.5 
2.8 
2.4 
4.1 
5.3 
5.1 


6.6 
6.5 
5.1 
7.0 
5.6 
4.3 
3.8 
3.5 
3.0 
4.6 
5.8 
5.1 


4. 58     5. 08^^ 


SAVANNAH,  6A. 


1884  to  1889. 

Jan 

Feb 

Mar 

Apr 

May 

June 

July 

Aug 

Sept 

Oct 

Nov 

Deo 

Means 


7.1 

7.1 

7.1 

7.1 

7.2 

7.4 

7.2 

7.2 

7.6 

6.6 

6.8 

6.9 

6.7 

6.9 

7.1 

7.0 

6.9 

7.6 

7.3 

7.3 

7.3 

7.2 

7.1 

6.7 

6.8 

6.9 

8.0 

6.6 

6.3 

6.1 

6.1 

6.2 

6.3 

6.5 

7.1 

8.0 

6.1 

5.8 

5.6 

5.4 

5.3 

5.4 

.5.8 

6.7 

7.4 

4.8 

4.7 

4.8 

4.6 

4.5 

4.7 

5.1 

6.2 

7.1 

4.7 

4.5 

4.6 

4.7 

4.8 

4.9 

5.0 

5.8 

6.2 

4.4 

4.2 

4.3 

4.3 

4.4 

4.5 

4.5 

5.3 

6.1 

4.8 

4.8 

4.8 

4.8 

4.9 

5.1 

4.9 

5.3 

6.8 

5.4 

5.1 

5.5 

.5.2 

5.5 

5.6 

5.6 

5.9 

6.9 

5.6 

5.5 

5.7 

5.7 

6.1 

6.1 

6.1 

5.8 

6.4 

5.9 

5.9 

5.9 

r>.9 

5.9 

6.0 

6.1 

6.2 

a2 

5.80 

5.67 

5.72 

5.64 

5.73 

5.82 

5.88 

6.28 

7.02 

ai 

8.2 

as 

8.5 
7.6 
7.2 
6.6 
6.5 
7.8 
7.9 
7.2 
6.8 

7.58 


.*  Five  yean'  record. 
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SAN  FRANCISCO,  CAL. 
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ll.O 
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20.1 

20.0 
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20  2 
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6.3 
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9.0 

8.9 

9.0 

8.4 

7.2 

6.2 

5.6 

6.3 

6.7 

7.0 

7.6 

7.9 

8.0 

8.3 

8.7 

8.4 

8.0 

7.4 

7.4 

7.0 

6.8 

6.8 

7.0 

6.18 

6.95 

7.78 

8.56 

9.94 

11.46 

13.02 

14.00 

14.41 

14.28 

13.35 

11.58 

10.11 

&83 

8.94 

SANTA  F£»  N.  MEX. 
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10.7 
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10.2 

10.8 

10.9 

11.1 

10.9 

10.5 

9.1 

6.8 
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7.6 

5.1 

6.2 

6.8 

7.8 

8.8 

9.6  IIO.O 

9.9 

10.0 

9.4 

8.2 

6.3 

6.1 

6.1 

6.5 

5.1 

5.9 

6.2 

6.9 

7.5 

7.9 

7.9 

8.0 

7.6 

8.1 

7.8 

7.6 

7.1 

6.8 

6.0 

4.4 

5.2 

5.9 

6.7 

6.7 

7.7 

8.0 

8.0 

7.9 

7.4 

6.3 

6.3 

5.5 

5.4 

5.4 

4.5 

5.0 

5.7 

6.4 

7.2 

7.8 

7.5 

8.1 

7.7 

7.0 

5.5 

5.6 

5.5 

5.3 

5.1 

9.8 

7.1 

7.7 

8.0 

8.5 

8.9 

8.7 

8.4 

7.6 

5.3 

4.5 

5.2 

5.1 

5.7 

5.0 

6.8 

8.2 

8.7 

8.7 

9.4 

8.8 

8.3 

H.0 

6.1 

4.6 

4.4 

4.7 

4.7 

5.2 

6.2 

5.8 

7.1 

7.9 

8.4 

9.1 

8.8 

8.5 

7.6 

5.6 

4.3 

4.4 

4.4 

4.4 

4.5 

5.8 

6.20 

7.28 

7.97 

8.49 

8.92 

9.12 

9.05 

8.94 

8.22 

7.24 

6.32 

5.99 

5.82 

5.95 

6.47 

SAVANNAH,  QA. 


8.6 

9.0 

9.5 

9.8 

9.7 

9.5 

9.1 

7.9 

7.7 

7.5 

7.5 

7.5 

7.6 

7.2 

8.0 

8.6 

9.1 

9.2 

9.2 

9.5 

9.5 

9.1 

8.0 

6.6 

6.5 

6.7 

6.6 

6.7 

7.2 

7.6 

9.1 

9.7 

10.2 

10.6 

10.9 

10.7 

10.4 

9.5 

8.0 

7.2 

7.2 

7.0 

7.3 

7.4 

8.3 

9.5 

10.1 

10.9 

11.6 

11.8 

11.9 

11.9 

10.7 

9.1 

7.8 

7.7 

7.2 

7.4 

6.9 

8.4 

8.0 

8.7 

9.3 

9.8 

10.5 

10.3 

10.5 

9.9 

8.9 

7.2 

6.9 

6.7 

6.3 

6.0 

7.5 

7.6 

8.4 

8.6 

8.8 

9.7 

9.8 

9.9 

9.1 

8.4 

6.9 

6.1 

5.6 

5.4 

5.0 

6.8 

6.8 

7.2 

7.9 

8.4 

8.9 

9.0 

9.3 

8.6 

7.7 

6.5 

6.1 

5.4 

5.2 

4.8 

6.4 

6.8 

7.3 

7.6 

7.9 

8.7 

8.7 

8.9 

8.1 

6.8 

5.6 

5.2 

4.9 

4.9 

4.6 

6.0 

8.6 

9.0 

9.2 

9.5 

9.8 

9.4 

9,4 

8.4 

6.6 

5.9 

,5.5 

5.2 

5.1 

5.0 

6.6 

8.7 

9.0 

9.0 

9.2 

9.3 

9.2 

8.6 

6.9 

5.8 

5.4 

5.3 

5.2 

5.3 

4.9 

6.7 

8.0 

8.3 

8.4 

8.6 

8.5 

8.2 

7.4 

6.0 

5.6 

5.3 

5.2 

5.2 

5.5 

5.5 

6.5 

7.3 

7.5 

7.9 

8.3 

8.0 

8.1 

7.6 

6.4 

6.3 

6.1 

5.8 

5.9 

5.9 

5.8 

6.6 

8.12 

8.61 

8.98 

9.31 

9.61 

9.52 

9.34 

8.29 

7.29 

6.49 

6.27 

6.03 

6.05 

5.86 

7.12 

G18 


UEl^OftT   OlT   TliE   CHIEF   SIGNAL   OFFICER. 


AVBRAGB  YbLOCITY  OF  TUS  WiMP  FOR  KACB  HOUR  OF  THE 

r 

SPOKANE  FALLS.  WASH. 


Date. 


1883  to  1889 

1/  fill    .BKBaa    aft    m  m  i 

Feb 

Mar 

May 

Jane 

July* 

Ang 

OvpC    •   mm  mm    ■•••    t 

^^w V    •«««»•■••«« 

Dec 

Means.... 


• 

B 

flfi 

f^ 

3.8 

3.1 

3.4 

3.8 

3.5 

3.5 

2.7 

2.5 

2.9 

2.8 

3.1 

3.4 

3.21 

a 


3.6 
3.1 
3.3 
3.8 
3.3 
3.3 
2.4 
2.1 
2.7 
2.5 
3.1 
3.5 

3.06 


a 

CO 


^.5 
3.0 
3.2 
3.9 
3.0 
3.2 
2.5 
2.1 
2.7 
2.5 
3.2 
3.8 

3.01 


• 

• 

• 

a 

a 

a 

a 

■ 

• 

• 

OB 

« 

^ 

lO 

CO 

** 

3.6 

3.6 

3.8 

3.7 

3.1 

3.0 

3.0 

2.9 

3.2 

2.9 

3.2 

3.5 

3.6 

TJ.9 

4.0 

4.  L 

3,2 

3.4 

3.2 

3.3 

3.1 

3.1 

3.4 

3.3 

2.4 

2.5 

2.7 

2.6 

2.1 

2.4 

2.5 

2.5 

2.6 

2.7 

2.9 

2.9 

2.8 

2.7 

2t8 

2.6 

3.1 

3.2 

3.2 

3.2 

3.4 

3.2 

3.0 

3.1 

,3.02 

3.05 

3.14 

3.14 

a 

■ 
00 


3.4 
2.7 
3.4 
3.8 
3.4 
3.3 
2.5 
2.3 
2.6 
2.6 
3.0 
3.1 

3.01 


3.3 
2.8 
3.5 
3.8 
3.7 
8.6 
2.7 
2.3 
2.5 
2.6 
3.0 
3.1 

3.081 


a 


3.3 

ao 

3.5 
4.3 
4.4 
4.4 
3.« 
2.6 
2.5 
2.7 
2.7 
3.2 

3.37 


TOLEDO,  OHIO. 


1883  to  1889. 

Feb 

Mar 

Apr 

May 

June 

t#  %m  IV     *  •««•   *•••   •••< 

Aug.- 

Sept 

Oct 

J&OotIiS  •  •  •  •    mmm  t 


8.4 

8.7 

8.5 

8.6 

8.7 

8.6 

8.5 

8.3 

8.3 

8.5 

8.3 

8.3 

6.4 

6.5 

6.4 

5.7 

5.7 

5.6 

5.8 

5.8 

5.7 

5.4 

5.4 

5.6 

6.2 

6.3 

6.4 

7.3 

7.2 

7.2 

8.9 

9.0 

9.1 

8.5 

• 

8.4 

8.5 

7.35 

7.36 

7.35 

8.5 
8.4 
8.3 
8.6 
6.3 
5.8 
5.8 
5.6 
6.3 
7.3 
9.2 
8.6 

7.38 


8.7 

8.8 

8.6 

a? 

a9 

8.3 

8.6 

8.2 

8.5 

9.0 

8.3 

a4 

8.4 

8.5 

9.4 

8.8 

8.6 

8.5 

9.4 

10.6 

6.1 

6.3 

6.5 

6.9 

7.6 

5.9 

5.8 

5.7 

6.8 

7.0 

5.8 

5.7 

5.8 

6.2 

7.0 

5.9 

5.6 

5.7 

6.1 

6.6 

6.4 

6,4 

6.4 

6.5 

7.3 

7.2 

7.2 

7.4 

7.4 

8.2 

8.9 

9.0 

9.1 

9.1 

9.2 

8.7 

8.7 

8.5 

8.7 

8.9 

7.42 

7.42 

7.40 

7.65 

a  81 

9.3 

9.6 

10.1 

11.2 

ai 

7.6 
7.5 
7.4 
7.9 
9.1  i 
10.3; 
9.3' 

a95 


YICKSBURG,  MISS. 


1883  to  1889 

Jan 

Feb 

Mar 

Apr 

WLvky     ....  ....  ■ 

June* , 

July 

Ang 

Sept 

V/Cu     ....    ....    ..a 

i^  O  V  ....    ..a...   I 

Deo 

Meansa.-a. 


6.8 

6.5 

6.9 

6.8 

6.6 

6.3 

6.2 

5.9 

5.9 

5.7 

6.5 

6.3 

6.3 

6.3 

6.3 

6.1 

5.7 

5.5 

5.4 

5.4 

5.4 

5.4 

5.5 

5.1 

5.2 

4.8 

4.7 

4.8 

4.8 

4.7 

3.8 

3.9 

3.8 

3.8 

3.9 

3.9 

3.9 

3.6 

3.8 

3.6 

4.1 

3.8 

3.9 

3.9 

3.9 

4.4 

4.4 

4.3 

4.5 

4.4 

5.5 

5.4 

5.4 

5.4 

5.4 

6.3 

6.3 

6.2 

6.3 

6.1 

5.32 

6.21 

5.18 

5.17 

5.10 

6.3 
6.0 
6.1 
5.8 
4.9 
4.8 
4.1 
3.7 
4.0 
4.5 
5.5 
6.3 

5.17 


6.4 

6.6 

6.3 

6.3 

5.9 

5.9 

5.9 

6.0 

5.0 

5.4 

4.8 

4.8 

4.1 

4.2 

3.8 

3.8 

4.3 

4.3 

4.7 

4.6 

5.6 

5.5 

6.5 

6.5 

5.28 

5.32 

6.7 
6.4 
6.2 

a  5 

5.9 
5.1 
4.4 
4.0 
4.6 
5.1 
6.7 
6.6 

5.6OI 


6.8 
7.0 
6.7 
6.8 
6.3 
5.2 
4.7 
4.1 
4.6 
5.3 
5.9 
6.9 

5.86 


*  Six  yean. 
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DAY,  Sjcvknty-fifth  Mbridian  Timr,  ktc. — Continaed. 

SPOKANE  FALLS,  WASH. 
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CO 
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00 

• 
4.1 

04 

Q4 

3.8 

3.4 

4.0 

4.5 

4.6 

4.2 

3.9 

4.0 

3.9 

3.0 

3.4 

3.6 

4.4 

4.8 

5.2 

5.6 

5.6 

5.5 

4.8 

3.9 

3.6 

3.5 

3.2 

3.8 

4.0 

4.8 

5.3 

5.9 

6.3 

6.9 

6.8 

7.0 

6.9 

6.5 

5.3 

4.3 

3.8 

3.6 

4.6 

5.2 

6.0 

6.4 

6.7 

7.3 

7.8 

8.0 

7.9 

7.7 

7.4 

6.5 

4.6 

4.0 

3.9 

5.3 

5.5 

6.2 

6.7 

6.9 

7,3 

7.4 

7.4 

7.5 

7.3 

7.0 

6.5 

5.3 

4.0 

3.6 

5.1 

5.1 

5.5 

5.7 

6.1 

6.4 

6  8 

7.1 

7.1 

7.0 

6.9 

6.6 

5.3 

4.2 

3.8 

4.9 

4.3 

4»9 

5.5 

5.8 

6.4 

6.6 

6.7 

6.9 

6.8 

6.7 

6.4 

5.4 

3.6 

2.9 

4.4 

3.7 

4.3 

4.7 

5.2 

5.4 

5.6 

5.6 

6.3 

6.1 

5.7 

5.2 

3.9 

2.8 

2.5 

3.8 

3.2 

4.3 

4.9 

5.3 

5.8 

6.2 

6.4 

6.4 

6.3 

5.7 

4.2 

3.4 

3.3 

3.1 

4.0 

2.9 

3.6 

4.1 

4.5 

4.9 

5.1 

5.3 

5.4 

4.8 

4.0 

3.5 

3.1 

3.0 

3.1 

3.6 

2.8 

3.2 

3.7 

4.1 

4.5 

4.7 

4.7 

4.6 

4.1 

3.3 

3.1 

3.1 

3.2 

3.2 

3.5 

3.2 

3.4 

3.T 

4.0 

4.4 

4.4 

4.6 

4.4 

4.1 

3.7 

3.7 

3.6 

3.6 

3.7 

3.6 

3.86 

4.42 

4.82 

5.24 

5.67 

5.97 

6.10 

6.18 

5.93 

5.49 

4.92 

4.12 

3.58 

3.37 

4.21 

TOLEDO,  OHIO. 


9.7 

10.2 

10.8 

10.8 

11.0 

10.9 

10.5 

9.7 

9.1 

8.9 

8.8 

9.0 

9.0 

8.6 

9.3 

10.1 

10.4 

10.6 

10.9 

11.1 

11.3 

10.7 

10.8 

9.1 

9.0 

8.9 

9.0 

9.2 

8.9 

9.4 

10.8 

11.5 

12.0 

12.2 

12.5 

12.6 

12.3 

11.4 

9.8 

8.7 

8.9 

8.6 

a5 

8.5 

9.6 

11.6 

12.3 

12.8 

13.4 

13.6 

13.5 

13.2 

12.1 

10.3 

9.2 

8.7 

8.7 

8.8 

8.6 

10.3 

8.9 

9.7 

10.3 

10.9 

11.0 

10.9 

10.5 

9.5 

8.2 

7.1 

6.3 

6.1 

6.4 

6.3 

7.9 

8.5 

9.3 

9.6 

10.2 

10.6 

10.1 

9.8 

9.0 

7.6 

6.3 

5.5 

5.2 

5.5 

5.4 

7.2 

8.1 

9.1 

9.2 

9.7 

10.0 

9.7 

9.5 

8.9 

7.8 

6.5 

5.6 

5.3 

5.6 

5.7 

7.2 

8.2 

9.2 

9.8 

10.2 

10.4 

10.1 

9.5 

8.5 

6.8 

5.6 

5.1 

5.1 

5.3 

5.7 

7.0 

8.9 

9.7 

flO.6 

11.1 

11.3 

10.9 

10.3 

9.4 

7.5 

6.3 

6.2 

6.2 

6.4- 

6.6 

7.8 

9.6 

10.0 

10.6 

10.6 

10.8 

10.5 

9.8 

8.4 

7.4 

7.1 

7.2 

7.3 

7.5 

7.3 

8.3 

10.8 

11.5 

11.7 

11.7 

11.7 

11.3 

10.4 

9.3 

8.9 

8.9 

8.9 

9.2 

9.3 

9.4 

9.8 

10.3 

11.0 

11.1 

11.3 

11.1 

10.5 

9.5 

9.0 

8.6 

9.0 

8.6 

.8.4 

8.6 

8.6 

9.3 

9.62 

10.32 

10.76 

11.08 

11.26 

11.02 

10.50 

9.67 

8.42 

7.72 

7.39 

7.34 

7.61 

7.47 

8.60 

YICKSBURG,  MISS. 


6.9 

7.0 

7.2 

7.1 

7.4 

7.5 

7.2 

6.9 

6.2 

6.3 

6.5 

6.9 

6.0 

7.0 

6.8 

7.2 

7.2 

7.8 

8.0 

8.2 

7.9 

7.7 

7.2 

6.5 

6.1 

6.2 

6.2 

6.2 

6.4 

6.7 

6.8 

7.1 

7.5 

7.6 

8-0 

8.0 

7.6 

7.3 

6.6 

5.8 

6.1 

6.3 

6.5 

6.5 

6.7 

7.2 

7.5 

7.5 

7.5 

7.9 

7.9 

7.8 

7.4 

6.2 

5.2 

5.3 

5.6 

5.9 

6.0 

6.4 

6.6 

7.0 

7.6 

7.7 

8.0 

7.9 

7.6 

7.2 

6.2 

4.9 

4.4 

4.8 

5.3 

5.2 

6.0 

5.6 

5.9 

6.3 

6.3 

6.7 

6.7 

6.7 

6.3 

5.7 

4.6 

3.9 

4.1 

4.3 

4.5 

5.3 

4.9 

5.2 

5.9 

6.1 

5.9 

6.1 

6.2 

5.7 

5.2 

4.2 

3.6 

3.8 

4.1 

4.0 

4.6 

1  4.5 

4.6 

5.3 

5.4 

5.6 

5.9 

6.1 

5.7 

5.0 

3.6 

3.2 

3.5 

3.7 

3.7 

4.3 

4.6 

5.1 

5.7 

5.9 

6.0 

5.9 

5.4 

5.1 

3.9 

3.2 

3.4 

3.3 

3.8 

4.1 

4.5 

5.6 

6.0 

6.3 

6.4 

6.8 

6.6 

6.3 

5.2 

3.9 

4.0 

4.3 

4.3 

4.4 

4.5 

5.0 

6.0 

6.1 

6.7 

6.9 

6.8 

6.8 

6.3 

5.4 

4.6 

4.8 

4.9 

5.2 

5.3 

5.5 

5.7 

6.9 

6.9 

6.9 

6.8 

7.0 

6.9* 

6.7 

6.0 

5.7 

5.9 

6.2 

6.4 

6.5 

6.6 

6.5 

6.07 

6.30 

6.72 

6.81 

7.02 

7.01 

6.80 

6.28 

5.48 

4.88 

4.83 

5.03 

5.24 

5.33 

5.71 
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AVSRAOE  YBLOGITY  OF  THB  WlND  FOR  BACH  HOUB  OF  THE 

WASHINGTON  CITY. 


Date. 


1875  to  1888. 

Jan  ..« 

Fob 

Apr 

May 

Jane 

July 

Aug 

Oct 

Nov 

Means: 


a 


4.6 
4.0 
5.7 
5.0 
3.9 
3.4 
3.0 
2.6 
3.2 
3.5 
4.4 
5.0 

4.10 


o« 


4.7 
4.7 
5.6 
4.9 
3.8 
3.3 
2.9 
2.5 
3.3 
3.6 
4.3 
5.0 

4.05 


6 
so 


4.5 
4.8 
5.6 
4.8 
3.8 
3.2 
2.8 
2.6 
3.2 
3.5 
4.4 
4.9 

4.01 


a 

e8 


4.3 
4.8 
fS.5 
5.0 
,3.7 
3.2 
2.9 
2.6 
3.2 
3.5 
4.2 
4.6 

3.961 


a 

kO 


4.2 
4.8 
5.6 
5.0 
3.6 
3.1 
2.9 
2.7 
3.3 
3.4 
4.1 
4.5 

3.93 


• 

• 

■ 

a 

a 

a 

• 

• 

• 
dl 

CO 

t* 

00 

4.3 

4.3 

4.3 

4.8 

4.8 

4.9 

5.6 

6.7 

6.5 

4.8 

5.0 

6.0 

3.6 

4.1 

5.1 

3.3 

3.8 

4.7 

2.9 

3.4 

4.3 

2.8 

3.0 

3.8 

3.3 

3.3 

4.0 

3.6 

3.6 

4.1 

4.2 

4.2 

4.4 

4.5 

4.6 

4.6 

3.98 

4.15 

4.72 

5.0 
5.8 
8.2 
7.3 
6.0 
5.6 
5.0 
4.7 
4.9 
5«5 
5.4 
5.3 

5.72 


o 


6.0, 
6.8  I 

6  5 
6.0 
5..') 
5.1 
5.6 
6.41 
6.3  I 
6.2  I 

6.43, 


WHIPPLE  BABEACRS,  ARIZ. 


186310 

Jan 

Feb 

Mar 

1889. 

3.9 

5.2 

4.9 

4.0 
5.2 
4.3 
5.4 
4.6 
3.9 
4.3 
3.8 
3.2 
3.4 
3.3 
4.8 

4.18 

3.8 
5.0 
4.1 
5.1 
4.3 
3.4 
3.7 
3.3 
3.1 
3.3 
3.3 
4.8 

3.93 

3.6 
5.0 
3.9 
5.1 
4.0 
3.4 
3.6 
3.4 
2.7 
3.3 
3,3 
4.5 

3.82 

3.7 
4.9 
3.7 
4.8 
.^7 
3.0 
3.4 
3.2 
2.8 
3.1 
3.4 
4.5 

3.68 

3.5 
4.9 
8.8 
4.2 
3.4 
2.6 
2.8 
3.0 
2.7 
3.0 
3.2 
4.5 

3.47 

.3.6 
4.6 
3.8 
4.0 
3.3 
2.4 
2.5 
2.8 
2.6 
2.9 
3.1 
4.4 

3.33 

3.8 
4.4 
3.4 
3.8 
3.0 
2.4 
2.2 
2.6 
2.5 
2.8 
3.1 
4.4 

3.20 

3.9 
4.1 

a4 

3.6 
2.8 
2,3 
1.9 
2,2 
2.5 
2.7 
3.3 
4.4 

3.09 

3.9 

4.0 
3.4 

Apr 

May  .... 

5.5 

4.8 

4.i> 
4.^ 

June ..-- , 

4.2 

a.<i 

July  .... 

4.6 

2.6 

Aug 

Sept  .... 

3.9 

3.6 

2.e 
2.3 

Oct 

Nov 

3.8 

XA 

2.5 
3.3 

Dec 

4.9 

4.5 

Meani 

J 4.39 

3.^ 

WILMINGTON,  N.  C. 


1883  to  1889. 
Jan 

6.1 
6.0 
6.5 
6.0 
4.8 
5.1 
4.3 
4.1 
4.2 
4.6 
4.6 
5.0 

5.11 

6.2 
6.1 
6.5 
5.9 
4.7 
4.7 
4.1 
4.0 
4.1 
4.7 
4.9 
5.1 

5.06 

6.5 
6.2 
6.4 
5.8 
4.5 
4.9 
4.1 
3.9 
4.1 
4.7 
4.9 
5.2 

5.10 

6.4 
6.4 
6.2 
5,8 
4.4 
4.1J 
4.0 
3.8 
4.2 
4.7 
5.0 
5.2 

5.06 

6.3 
6.4 
6.1 
5.7 
4.4 
4.5 
3.9 
3.8 
4.2 
4.7 
5.0 
5.2 

5.02 

0.3 
6.4 
6.0 
5.7 
4.4 
4.4 
4.2 
3.9 
4.4 
4.6 
5.1 
5.2 

5.05 

6.2 
6.4 
6.0 
6.0 
4.9 
5.1 
4.5 
4.2 
4.5 
5.0 
5.2 
5.2 

5.27 

6.4 
6.9 
6.9 
7.3 
6.3 
6.0 
5.6 
5.1 
5.4 
5.4 
5.4 
5.3 

6.00 

7.2 
7.6 
8.2 
8.3 
7.3 
6.5 
6.2 
6.0 
6.7 
6.4 
6.5 
6.0 

6.91 

1 
8.2 

Feb 

8.6' 

Mar 

9.2  ' 

Apr 

R^ 

•^K*    .•••  •-".  >.••>. 

May 

7.7 

Jane 

7.0  , 

July 

Auff...... 

6.4 
6.5 

^  ft •-•-•• •-- 

Sept 

7.4 

Oct 

7.4 

Nov 

7.5 

Dec 

6.9 

Means 

1 

7.6S 

1 
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DAY,  SsvEMTT-FiFTH  Mbbidian  TimBj  8TC.— Contdnaed. 

WASHINGTON  CITY. 


• 

s 

fl 

• 

• 

S 

• 

S 

• 

S 

a 

• 

a 

i 

* 

a 

a 

• 

a 

• 

a 

e6 

1-^ 

8 

m 

P. 

• 
P4 

CO 

• 

P4 

CD 

m 

P« 

• 
00 

o 

1-4 

■  FN 

6.7 

7.0 

7.2 

7.4 

7.5 

7.1 

6.4 

5.5 

5.0 

5.0 

5.0 

4.9 

4.8 

4.5* 

5.4 

7.3 

7.7 

8.1 

8.1 

8.2 

7.9 

7.3 

6.2 

5.6 

5.4 

5.4 

5.3 

5.1 

5.0 

6.0 

9.2 

9.3 

9.7 

9.8 

10.0 

9.8 

9.5 

8.4 

7.1 

6.6 

6.5 

6.4 

6.2 

6.0 

7.4 

8.5 

8.6 

9.1 

9.2 

9.2 

9.3 

9.0 

8.0 

6.8 

6.0 

5.7 

5.4 

5.2 

5.1 

6.7 

6.9 

7.2 

7.7 

7.7 

7.7 

7.6 

7.4 

6.7 

5.7 

4.7 

4.6 

4.1 

4.1 

4.0 

5.4 

6.5 

6.8 

7.1 

7.2 

7.3 

7.2 

6.8 

6.1 

5.3 

4.3 

a.9 

3.8 

3.7 

3.6 

5.0 

6.0 

6.0 

6.6 

6.7 

6.7 

6.6 

6.3 

5.7 

4.8 

3.9 

3.4 

3.2 

3.0 

3.0 

4.5 

5.4 

5.5 

6.0 

6.2 

6.3 

6.2 

6.0 

5.1 

3.9 

3.1 

3.1 

2.8 

2.6 

2.6 

4.0 

6.0 

6.1 

6.3 

6.5 

6.5 

6.2 

.5.7 

4.5 

3.8 

3.4 

3.4 

3.3 

3.2 

a.  2 

4.4 

7.0 

7.4 

7.6 

7.6 

7.4 

7.0 

5.7 

4.6 

4.0 

3.8 

3.7 

3.6 

3.6 

3.5 

4.9 

6.9 

7.5 

7.6 

7.7 

7.7 

7.1 

5.9 

5.0 

4.6 

4.5 

4.5 

4.5 

4.6 

4.2 

5.3 

6.9 

7.6 

7.7 

7.7 

7.6 

6.9 

6.1 

.5.4 

5.4 

5.1 

5.3 

5.2 

5.1 

5.0 

5.7 

6.94 

7.22 

7.56 

7.65 

7.68 

7.41 

6.84 

5.93 

5.17 

4.65 

4.54 

4.38 

4.27 

4.14 

5.39 

WHIPPLE  BARRACKS,  ARIZ. 


4.0 

4.5 

6.6 

8.5 

9.6 

9.5 

9.9 

9.3 

8.3 

6.6 

5.3 

4.7 

4.3 

4.1 

5.5 

4.3 

.5.9 

8.4 

10.2 

n.i 

11.5 

12.2 

12.4 

11.9 

10.4 

8.1 

6.8 

6.4 

5.8 

7.2 

4.2 

6.7 

9.4 

10.5 

11.4 

12.2 

12.6 

12.7 

12.7 

11.6 

9.1 

7.0 

6.1 

5.6 

7.1 

7.7 

10.7 

12.4 

13.5 

14.3 

14.7 

15.4 

15.7 

15.3 

14.4 

12.4 

8.7 

7.3 

6.1 

9.0 

7.8 

10.9 

12.3 

13.5 

14.5 

15.0 

15.5 

15.8 

15.4 

14.7 

12.9 

8.6 

eA 

5.2 

8,6 

7.9 

10.4 

13.1 

14.5 

15.3 

16.1 

16.7 

17.0 

16.5 

15.7 

14.0 

9.6 

6.4 

4.7 

8.8 

4.8 

7.3 

9.1 

M).l 

11.0 

12.0 

12.9 

12.7 

12.6 

12.0 

10.6 

7.9 

5.8 

5.0 

6.9 

3.7 

6.4 

8.0 

9.1 

9.9 

10.9 

11.3 

11.7 

11.4 

11.3 

9.0 

6.5 

5.2 

4.3 

6.2 

4.1 

7.8 

9.5 

10.3 

10.9 

11.6 

11.6 

11.5 

11.2 

10.3 

7.7 

5.4 

4.3 

4.0 

6.2 

3.8 

6.8 

9.7 

10.9 

11.6 

11.9 

11.7 

11.8 

11.2 

9.1 

6.7 

5.3 

4.7 

4.0 

6.3 

3.3 

4.6 

7.0 

8.9 

9.5 

9.9 

10.1 

9.9 

8.9 

6.6 

4.9 

4.3 

3.9 

3.7 

5.3 

4.4 

5.2 

7.1 

8.7 

9.6 

9.9 

10.1 

9.5 

8.1 

6.6 

5.8 

5.0 

4.7 

4.7 

6.0 

5.00 

7.27 

9.38 

10.72 

11.56 

12.10 

12.50 

12.50 

11.96 

10.78 

8.88 

6.65 

5.43 

4.77 

6.92 

WILMINGTON,  N.  C. 


8.7 

9.0 

9.2 

9.4 

9.6 

9.3 

8.4 

7.2 

6.7 

6.5 

6.5 

6.5 

6.5 

6.6 

7.3 

9.3 

9.5 

9.8 

9.9 

10.3 

10.3 

9.7 

7.8 

6.5 

6.1 

5.9 

5.8 

6.0 

5.9 

7.5 

9.7 

10.3 

10.4 

10.6 

11.1 

11.3 

11.0 

9.7 

7.9 

6.9 

6.7 

6.6 

6.6 

6.7 

8.1 

9,2 

9.7 

10.3 

10.9 

11.5 

11.6 

11.2 

10.3 

8.4 

7.1 

7.0 

6.7 

6.6 

6.2 

8.0 

8.2 

8.8 

9.3 

9.Q 

10.3 

10.6 

10.4 

9.3 

7.5 

6.1 

5.7 

5.4 

5.2 

5.0 

6.9 

7.1 

7.8 

8.4 

9.1 

9.4 

9.7 

9.5 

9.0 

7.7 

6.3 

5.6 

5.4 

5.1 

5.0 

6.6 

6.8 

7.1 

7.9 

8.5 

9.0 

9.1 

8.9 

8.2 

7.0 

5.5 

.5.0 

4.8 

4.4 

4.4 

6.0 

6.9 

7.2 

7.4 

7.7 

8.2 

8.4 

8.2 

7.5 

5.9 

4.8 

4.5 

4.5 

4.4 

4.4 

5.6 

7.7 

8.0 

8.2 

8.6 

8.8 

8.7 

8.0 

6.6 

5.0 

4.5 

4.6 

4.3 

4.3 

4.3 

5.8 

7.9 

8.1 

8.1 

8.1 

8.4 

8.5 

7.5 

5.7 

4.8 

4.7 

4.7 

4.5 

4.5 

4.6 

5.9 

8.1. 

8.5 

8.7 

8.8 

8.7 

8.4 

7.0 

5.7 

5.1 

4.8 

4.6 

4.7 

4.7 

4.4 

6,1 

7.7 

8.1 

8.5 

8  4 

8.5 

8.2 

7.0 

5.8 

5.5 

5.2 

5.1 

5.1 

5.1 

5.0 

6.1 

8.11 

8.51 

8.85 

9.15 

9.48 

9.51 

8.90 

7.73 

6.50 

5.71 

5.49 

5.36 

5.28 

5.21 

6.67 
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Date. 
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a 
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• 
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• 

a 

■ 
e8 

00 
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• 
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• 
es 

• 

a 

• 
CO 

• 

a 

• 

• 

a 

* 
00 
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a 

es 

• 

B 

* 
8 

O       ' 

•.4 

1883  to  1889. 
Jan^.-.l 

8.0 
7.7 
7.8 
8.1 
7. 5 
8.1 
7.6 
6.5 
7.3 
7.1 
7.7 
8.5 

7.66 

8.2 
7.8 
7.8 
8.5 
7.7 
8.0 
7.7 
7.4 
7.6 
7.3 
7.8 
8.5 

7.86 

8.6 
7.9 
7.9 
9.0 
6.5 
7.7 
7.9 
8.1 
7.7 
7.2 
8.0 
6.4 

7.91 

8.7 
8.0 
7.6 
8.6 
8.0 
7.7 
8.1 
8.1 
7.7 
6.9 
7.9 
8.4 

7.98 

9.0 
8.1 
7.8 
8.8 
7.8 
7.5 
7.8 
7.5 
7.5 
7.5 
8.0 
8.5 

7.98 

8.9 
8.2 
7.7 
8.4 
7.8 
7.2 
7.5 
7.1 
7.4 
7.3 
7.9 
8.5 

7.82 

8.9 

ao 

7.8 
8.1 
7.4 
7.0 
7.2 
6.8 
7.4 
7.2 
7.9 
8.6 

7.69 

9.3 
7.8 
7.4 
8.0 
7.2 
6.8 
7.1 
6.9 
7.2 
7.2 
8.2 
8.5 

7.68 

9.0 
7.8 
7.6 
7.9 
6.8 
6.9 
6.9 
6.5 
7.1 
7.5 
8.5 
8.9 

7.62 

9.0 

Feb 

&2 

Mar 

7.6 

Aor  .-..-. ...... .. 

8.0 

May 

7.C 

June ....... ...... 

7.1 

Julyf 

6.6 

Auet 

6.^2 

Septt 

7.0 

Octt 

7.5 

Novt 

&4 

Dec* 

9.0 

Means 

7.63 

YUMA,  ABIZ. 


1883  to  1889. 

Jan 

Feb 

Mar 

Apr 

June 

July 

Aug 

Sept 

v^C V  ......    ..... 

Nov 

MOftQS  •  •  «  •  • 


4.1 

4.3 

4.4 

4.6 

4.8 

5.2 

5.4 

5.3 

4.8 

4.8 

4.6 

4.8 

5.0 

5.2 

5.1 

4.5 

4.3 

4.1 

3.7 

3.8 

3.9 

7.3 

6.4 

5.8 

5.3 

4.8 

4.7 

4.3 

7.0 

6.2 

5.4 

4.8 

4.4 

3.9 

3.4 

5.8 

5.3 

4.8 

4.3 

4.0 

3.4 

3.2 

5.8 

5.1 

4.7 

4.6 

4.5 

4.6 

4.4 

5.4 

4.7 

4.4 

4.1 

3.9 

3.7 

3.6 

4.1 

4.2 

3.4 

3.3 

3.1 

2.9 

2.9 

3.5 

3.3 

3.2 

3.2 

3.1 

3.3 

3.3 

3.6 

3.5 

3.6 

3.5 

3.7 

3.9 

4.2 

4.1 

3.9 

4.0 

4.2 

4.3 

4.7 

5.0 

5.09 

4.68 

4.40 

4.22 

4.09 

4.09 

4.07 

5.3 

5.4 

5.0 

5.2 

3.9 

4.1 

4.3 

4.0 

3.2 

3.2 

3.1 

2.8 

3.7 

3.8 

3.4 

3.2 

2.9 

2.9 

3.4 

3.4 

4.4 

5.0 


4.9 
4.9 


3.97     3.96 


5.3 
5.2 
4.3 
4.-2 
3.9 
3.9 
5.5 
4.1 
3.2 
3.7 
5.1 
5.2 

4.47 


Six  yean. 


tFiYeyeuB. 
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DAT,  Sbventt-fifth  MERIDIAN  TiMB,  BTG.M^ontinued. 

WINNEBIUCCA.  NEV. 
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^1 
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9.0 

7.8 

8.3 

9.1 

9.4 

9.7 

9.8 

10.4 

10.5 

10.5 

9.6 

8.1 

7.4 

7.4 

7.6 

8.5 

8.0 

9.0 

9.9 

10.4 

10.6 

11.4 

11,7 

11.7 

11.6 

10.9 

9.4 

7.8 

7.1 

7.3 

8.8 

9.1 

10.0 

10,5 

10.6 

11.2 

11.8 

12.8 

13.3 

13.4 

12.8 

11.4 

9.4 

8.7 

a3 

9.8 

8.3 

9.0 

9.3 

9.5 

10.0 

10.8 

11.2 

11.8 

11.6 

11.3 

10.8 

9.2 

8.2 

7.0 

8.9 

7.9 

8.3 

8.0 

9.1 

9.8 

K).4 

11.0 

11.4 

11.3 

11.4 

11.1 

10.3 

8.3 

8.4 

8.9 

7.0 

7.3 

7.6 

7.7 

8.5 

9.1 

9.7 

10.4 

10.3 

10.4 

9.7 

9.0 

7.2 

7.1 

8.1 

6.4 

7.0 

7.3 

7.6 

8.3 

8.9 

9.4 

10.0 

10.0 

9.6 

9.2 

7.7 

6.6 

6.3 

7.7 

7.6 

7.9 

7.9 

8.1 

8.6 

9.1 

9.6 

9.9 

9.7 

8.6 

7.1 

6.2 

6.8 

6.5 

7.8 

7.3 

8.1 

8.5 

8.7 

9.1 

9.3 

9.2 

9.3 

8.9 

7.8 

6.3 

6.2 

6.6 

6.8 

7.7 

8.5 

8.9 

8.5 

8.9 

9.5 

9.9 

10.1 

10.2 

8.8 

7.8 

7.4 

7.4 

7.7 

7.7 

8.4 

9.2 

9.0 

9.9 

10.0 

10.7 

10.7 

11,1 

10.7 

10.0 

9.2 

8.8 

8.7 

8.9 

8.6 

9.2 

7.98 

8.'46 

8.80 

9.11 

9.68 

10.12 

10.53 

10.77 

10.48 

9.84 

o.  98 

8.13 

7.67 

7.58 

8.58 

YUMA,  ARIZ. 
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9.9 
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5.7 

5.7 

6.8 
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8.5 

8.3 

8.4 

8.1 

8.4 

8.6 
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8.7 

7.6 
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6.2 
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7.6 

8.3 
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8.7 

9.0 
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6.7 

7.5 
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8.4 
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7.1 
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8.8 

9.0 

9.6 
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7.0 

6.2 

7.5 

8.2 
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8.6 

8.5 

8.5 

8.8 

9.0 

9.5 

9.7 

10.0 

9.8 
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6.6 
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6.9 

7.3 

7.2 

7.4 

7.1 

7.6 
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8.2 

8.7 

8.8 

8.5 

7.7 

6.2 

6.1 

4.4 

5.9 

6.6 

6.4 

6.4 

6.2 

6.3 

6.2 

6.1 

6.1 

5.9 

5.9 

5.8 

5.1 

4.8 

4.2 

5.6 

6.7 

6.8 

6.4 

6.2 

6.2 

6.3 

5.9 

5.4 

4.9 

4.4 

4.2 

4.1 

4.6 

5.4 

6.6 

8.2 

8.6 

8.3 

8.0 

7.7 

7.4 

6.7 

5.4 

4.3 

4.0 

3.7 

3.7 

5.4 

5.3 

6.2 

7.8 

8.6 

8.9 

8.9 

8.8 

8.3 

7.2 

5.2 

4.6 

4.5 

4.2 

4.0 

5.8 

5.52 

6.79 

7.88 

8.06 

8.17 

8.07 
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8.25 

8.15 

7.66 

7.18 

6.79 

6.34 

5.78 
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APPENDIX    15. 


LIST  OF  VOLUNTARY  OBSERVERS,  POST  SURGEONS,  AND  OTHERS  WHO 
HAVE  FURNISHED  METEOROLOGICAL  REPORTS  FOR  FOUR  MONTHS 
OR  MORE  DURING  1889. 


• 

4 

1 

stations. 

Observers. 

Stations. 

Observers. 

Alabama, 
Bermnda 

William  Fowler. 
B.  F.  Gilder. 
J.  G.  Michael. 
W.  D.  Lovett. 
D.  J.  Moore. 
Daniel  Collier. 
J.  W.  Milner. 

D.  P.  Goodhue. 
M.  H.  Ycrby. 

Prof.  J.  W.A.Wright. 

A.M.  Weiler. 

U.  S.  post  surgeon. 

W.M.Garrett. 
Dr.  Geo.  D.  Norris. 
J.  0.  Huey. 
Jaroes  Waldaner. 
J.  C.  Perkins. 
L.  B.  Thornton. 
Rev.  J.  L,  Moultrie. 
W.  H.  Newman. 
Dr.  E.  P.  Nicholson. 
Morgan  D.  Jones. 

Joseph  Zuboff. 

J.  H.  Shields. 

Mrs.  J.  U.  Hamilton. 

Cortez  Cox. 

John  S.  RobbiuB. 
John  H.Hudson. 
J.  D.  Kinnear. 
George  Banghart. 
Pac.  Kwy.  system. 
Re  v.  J.G.  Pritchard. 
W.  E.  Hurley. 

E.  R.  Sykes. 
Pao.  Rwy.  system. 

B.  E.  Norton. 
H.P.Ewing. 

C.  E.  Cooley. 
T.  Carroll. 
E.  Vanderlip. 

D.  D.  Ross. 

T.  C.  Bain. 
G  F.  Cook. 

AiHnma-^oni'd. 
Dnnoan  

B.  Adams. 

Butler 

Citronelle  .  _  -  - 

Eagle  PassCCurtis). 
Flagstaff 

Dr.  R.  B.Tripp. 
M.  J.  Riordan. 

Columbiana 

Elkmont 

Fayette 

Florence 

Fort  Apache  (1) ... 

Fort  Bowie  (1) 

Fort  Hnachnoa .... 

Fort  Lowell 

Fort  McDowell  (2). 
Fort  Mojave 

Fort  Verde  (1) 

GUaBend..\ 

A.T.Colton. 
U.  S.  post  snrgeon. 
Do. 

Florence 

Gadsden 

Greensborough  .... 

Livingston  (2) 

Motes ..-- 

Do. 
Do. 
Do. 
Do. 
Do. 

Mount  y  ernon  Bar- 

Daniel  Morphy. 

G.O.  Wager. 

J.H.HamilL 

E.W.  Perkins. 

David  Rope. 

J.  W.  Stump. 

Mrs.  A.  F.  Cameron. 

racks. 

Gillette 

Mount  Willing 

New  Market 

Talladega 

Troy 

Globe 

Graad  Central  Mill. 
Holbrook 

Huaehnca,  Mount. . 
Lochiel  ...... ..... 

Tuscaloosa ..... 

Tusonmbia  (2) 

Union  Springs 

Uniontown 

Valley  Head 

Wiireins 

Maricopa 

Pac.  Rwy.  system. 
C.  R.  Hakes. 
J.  F.  Singleton. 
G.  W.  Wells. 

Mesa  City 

New  River 

Oro 

Pantano .......... 

Pao.  Rwy.  system. 
M.Thompson. 
S.  H.  CampbeU. 
W.  A.  Langham. 

»»    t|^^AUi7      .    ....    «.*«    . 

Payson 

Alaska. 

Peoria 

Red  Rock 

Killisnoo... 

St.  John's 

San  Carlos 

A.  F.  Banta. 
U.  S.  poet  snrgeon. 
Pac.  Rwy.  sy^em. 
G.  M.  Adams. 
William  Koahluid. 

Arizona. 

San  Simon 

American  Flag 

Antelope  Valley  .. . 
Arizona  Canal  Co.'s 
Dam. 

Show  Low 

Signal 

Silver  King 

IStanton  ••.••• .... . 

T.S.  Collins. 
E.  Reissman. 

Ash  Cation 

Ash  Creek .... ...» . 

Strawberry 

Teviston 

L.  P.  Nash. 
Miss  Mary  Tevia. 
Pac.  Rwy.  system. 
E.  G.  Wager. 
S.  C.  Bagff. 
J.  W.  Calkins. 

Ash  Springs 

Banghart's 

Benson ..-. 

Texas  Hill 

Tip  Top 

Tombstone 

Tres  Alamos 

Tucson  (I) 

Tucson  (2) 

Bisbee  ...-. 

Buckeye  .......... 

E.  L.  Wetmore. 

Calabasas ........ . 

Pac.  Rwy.  system. 

W.  J.  HiU. 

T.  B.  Carter. 

U.  8.  poet  snrgeon. 

Pac  Rwy.  system. 

J.T.Ryan. 

F.  A.  Chamberiin. 
J.  A.  Scott. 
T.D.  Bridges. 

G.  B.  Gardner. 
Pac.  Rwy.  system. 

Casa  Grande 

Cedar  Springs 

Chloride 

Volunteer  Springs  . 

Walnut  Grove 

Whipple  B'k6(l)... 
Wilcox 

Cooley *8  Springs.. . 

Cottonwood 

Crittenden 

Chiracahua  Moun- 
tains. 

DosCabezas 

Dudley  yille 

Williams.., 

Willow  Springs 

Winslow  .^ 

Wood  Cation 

Woodruff ^ 

Yuma(l) 1 
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List  of  Volumtaby  Obskbvebs,  Post  Surgbons,  btc— -Continued. 


Stations. 


ArkatuoB, 


Alexander 

Conway ...... .... . 

MJvkLAttO      m    a...    ».....• 

Dayton 

£1  Dorado 

Eureka  Springs 

Heber 

Helena  (1) 

HotSpriDgs 

Lead  Hill 

Little  Rook  Barr'kB. 

Lonoke  

Osceola 

Ozone 

Stuttgart 

Washington 

Winslow 


California. 

Alcade  

Alcatraz  Island . . 

Almaden 

American  Hill ... 

Anaheim 

Anderson 

Angel  Island  . . . . 

Antioch 

Aptos 

Areata 

Athlone 

Anbnrn 

Bakersiield 

Barstow 

Beaumont 

Belmont 

Benicia  Barracks 

Beroudo 

Berkeley 

Bishop  Creek . . . . 

Boca 

Borden 

Boulder  Creek... 

Brentwood 

Brighton 

Byron 

Cactus 

Caliente 

Calistoga 

Campo 

CaatroYille 

Cedaryille 


CentreTille 

Chioo 

Chino 

Cisco 

ColegroYe., 

Cole^ 

Colfax 

Colton 


Observers. 


J.  Williams. 
A.  P.  Robinson. 
T.  M.  Carder. 
Dr.  T.  C.  Miller. 
W.  B.  Johnson. 
A.  H.  Foote. 
S.  B.  McMorris. 
George  V.  Warren. 
U.  S.  post  surgeon. 
Silas  C.Tumbo. 
U.  8.  post  surgeon. 
W.H.Pyburn. 
Alex.  Goodrich. 
George  Bradley. 
Dr.  E.  L.  Buurkle. 
A.  H.  Carrigau. 
Albert  Dunlap. 


Pao.  Rwy.  system. 
U.  S.  post  surgeon. 
Pac.  Rwy.  system. 
T.  L.  Dwight. 
Pac.  Rwy.  system. 
Dr.  A.  Fouch. 
U.  S.  post  surgeon. 
Pac.  Rwy.  system. 

Do. 
H.  L.  Fry. 
Pac.  Rwy.  system. 

Do. 

Do. 
George  R.  Gooding. 
Pac.  Rwy.  system. 

Do. 
U.  S.  post  surgeon. 
Pac.  Rwy.  system. 
Prof.F.Soule. 
Pac.  Rwy.  system. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
S.E.Gaskell. 
Pao.  Rwy.  system. 
Jaokey  and  Brouil- 

lard. 
William  Barry. 
Pac.  Rwy.  system. 
John  Wasson. 
Pao.  Rwy.  system. 
Seward  Cole. 
Pac.  Rwy.  system. 

Do. 

Do. 


Stations. 


California — Cont'd. 

Colusa . ...... 

Coming 

Crescent  City 

Davis 

Delano 

Delta 

Downey 

Dannigan 

Dunsmnir 

Edgewood 

£1  Dorado 

Elmira 

El  Verano 

Emigrant  Gap 

Esperanza 

Evergreen 

Farmington 

Felton 

Florence 

Folsom 

Fort  Bid  well 

Fort  Gaston 

Fort  Mason 

Fort  Ross 

Fresno  (2) 

Fruto 

Gait 

Georgetown 

Gilroy  

Girard  

Glen  Ellen 

Goshen 

Grass  Valley 

Do 

Hanford 


Hollister 

Hombrook 

Hydesville 

Indio 

lone 

Iowa  Hill 

Jolon 

Jnlian 

Keeler(2) 

Keene 

King  City 

Kingsbtirgh 

Knight's  Landing. 

La  Grange 

Lathrop 

Lanrel 

Lemoore 

Lewis  Creek 

Livermore 

Livingston 

Lodi 

Long  Beach 

Los  Angeles  (2) ... 

Los  Bancs 

Los  Gatos  (1) 


Observers. 


11945— SIG  90- 


40 


J.  D.  McNary. 
Pac.  Rwy.  system. 
D.S.Sartwell. 
Pac.  Rwy.  system. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
S.  Holland. 
Pac.  Rwy.  system. 

Do. 

Do. 

Do. 
U.  S.  post  surgeon. 

Do. 

Do. 
Oscar  Call. 
Pac.  Rwy.  system. 

Do. 

Do. 
C.  M.  Fitzgerald. 
Pac.  Rwy.  system. 

Do. 

Do. 

Do. 
Mr.  Lootzenheiser. 

B.  F.  Berriman. 
Dr.W.H.MiUerand 

A.  E.  Gribi. 
Pac.  Rwy.  system. 
Do. 

E.  T.  Foss. 

Pac.  Rwy.  system. 
Do. 

C.  F.  Macy. 
T.  T.  Tidball. 
L.  N.  Bailey. 
Pac.  Rwy.  system. 

Do. 

Do. 

Do. 

Do. 
Jos.  Dominici. 
Pao.  Rwy.  system. 

Do. 

Do. 
John  Tuohy. 
Pac.  Rwy.  system. 

Do. 
.J.  D.  Hufl'man. 
Pac.  Rwy.  system. 

Do. 
A.  Widmau. 

F.  H.  McCullagh. 
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List  of  VoLuirrART  Obssrybbs,  Post  Subgbons»  etc. — Continued. 


Stations. 

Observers. 

Stations. 

•    Observers. 

C«Z</oniia-Cont'd. 

Lo8aatoe(2) 

Mammoth  Tank ... 

Pao.  Bwy.  system. 

Do. 

Do. 

Do. 
Daily  Appeal. 
L.  A.  Morgan. 
Pao.  Bwy.  system. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Lick  Observatory. 
W.H.  Martin. 
Pac.  Bwy.  system. 
J.E.Boal. 
Chas.  0.  Johnson. 
Pac.  Bwy.  system. 

Do. 

Do. 

Do. 

Do. 
Dr.  J.  B.  Trembly. 
Pac.  Bwy.  system. 

Do. 

Do. 
Hiram  Arents. 
Pac.  Bwy.  system. 

Do. 

Do. 

Do. 
Bichard  Bowland. 
Pac.  Bwy.  system. 

Do. 

Do. 

Do. 

Do. 

Do. 
W.  E.  Keith. 
Pac.  Bwy.  system. 

Do. 
S.  H.  Gerrish. 
Pac.  Bwy.  system. 
Dr.  E.K.  Abbott. 
Pac.  Bwy.  system. 

Do. 

Do. 
Sidney  P.  Waite. 
U.  S.  post  hospital. 
Pac.  Bwy.  system. 
U.  S.  post  surgeon. 

Pac.  Bwy.  system. 

Do. 

Do. 
J.  E.  Lewis. 
Pao.  Bwy.  system. 

Do. 

Ca^fomto— Cont'd. 
San  Pedro. ........ 

Pac.  Bwy.  system. 
Do. 

Santa  Ana. .... .... 

Martinez ...... .... 

Santa  Barbara (1).. 
Santa  Barbara  (2).. 

Santa  Clara 

Santa  Crnz 

Santa  Margarita. . . 

Santa  Maria 

Santa  Monica 

Santa  Paula 

Santa  Rosa 

Scott  Valley 

Selma. 

H.  D.  Vail. 

Marysville  (I) 

Marysville  (2) 

Mendocino 

MenloPark 

Meroed ............ 

Pac.  Bwy.  system. 

A.  Block. 

Pac.  Bwy.  system. 

Do. 
L.  K.  Blochman. 

Modesto 

Pac.  Bwy.  system. 
Do. 
Do. 

Mojare 

Montaif no  ..*..,. 

Monterey  ...••«.... 

Isaac  Titoomb. 

Monterey     (Hotel 

del  Monte). 
Mount  Hamilton.. . 
Nanari) 

Pac.  Bwy.  system. 
Do. 
Do. 
Do. 

Seven  Palms 

Shingle  Springs . .. 
Sims .............. 

Nana  (2) 

Sisson. ......  ...••• 

Do. 

National  City 

Needles 

Soledad 

Do. 

Sonoma ........... 

RoV^rt  Hall. 

Newark . .......... 

Sequel ..--.. 

Pao.  Bwy,  system. 
Do. 

Newhall 

South  Side 

South  Vallejo 

Snadra 

Newman  ..*.««.i--- 

Do. 

Niles 

Do. 

Norwalk  .......... 

Steeles ............ 

A.  T.  Mason. 

Oakland  (1) 

Oakland  (2) 

Ontario 

Stockton  (1) 

Stockton  (2) 

Snisun  ............ 

W.  W.  Trivett. 
Pac.  Bwy.  system. 
Do. 

Orland 

Summit ........... 

Pac.  Bwy.  system. 
T.B.  Sanders.  . 

Oroville. .... ...... 

Susan  ville 

Sutter  Creek 

Tehachapi 

Tehama ........... 

Pi^aro 

£.  C  Voorheis. 

PasoBobles 

Petaloma.  ■, » .^^^ 

Pac.  Bwy.  system. 
Do. 

Placervllle  (1) 

PlaoerviUe  (2) 

Pleasanton ........ 

Templeton 

Towles 

Do. 
Do. 

Tracy  

Do. 

Pomona ........... 

Traver 

Do. 

PoxtersviUe. ....... 

Tropioo  ........... 

Do. 

Puente 

Tmckee 

Tulare 

Do. 

Bed  Bluff  (2) 

Beddinir 

Do. 

Turlock 

Do. 

Biverside 

Bocklin 

Upper  Mattole 

VacaviUe(l) 

Vacaville(2) 

Valley  Springs  (1)  . 
Valley  Springs  (2) . 
Vina 

W.  H.  Boscoe. 
G.  O.  Cobum. 

Rnmsey  ........... 

Pac.  Bwy.  system. 

Do. 
H.W.  Turner. 
Pac.  Bwy.  system. 

Do. 

Sacramento  (1) 

Sacramento  (2) .... 
SalinasCl) 

Salinas(2) :. 

Volcano  Springs. .. 
Walla  Walla  Creek 

Walnnt  Creek 

WestBntte 

Westlev 

Wheatland 

Whittier 

Salton 

Isaao  Titcomb. 

San  Ardo ...... .... 

A.  L.  Bancroft. 

San  Bernardino  ... 
San  Diego  Bks(l).. 

San  Fernando 

San  FranciMM  (Pre. 

A.  S.  Noyee. 
Pac.  Bwy.  system. 
William  Lumbard. 
Pac.  Bwy.  system. 
Do. 

(sidio  ol). 

San  Gabriel 

Sanger  Junction. . . 
San  J<m45    ......... 

Williams 

Willow  (1) 

Willow  (2) 

Winters 

David  Bentley. 
Pac.  Bwy.  system. 
Do. 

San  Luis  Obispo . . . 
San  Mateo......... 

Woodland  (1) 

Woodland  (2) 

Yreka 

Do. 
J.  B.  Elstou. 

San  Miguel 

Dr.  L.  AntenieiUi. 
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List  of  Voluntary  Obsbrvbbs,  Post  Suboboks,  eto.— Continued. 


Stations. 


Colorado. 


I  «  4  •  A  < 


Asate. , 
Alnia... 

Apishapa 

AiBpen 

Jfonno  wt  «.•••>«•«•• 

Bieokeniidge 

Brush 

Bnrlington 

Byers 

Oafion  City 

Cherry  Creek 

Cheyenne  Wells . .. 

Climax 

Como  (Ranch  near). 

Coulter 

jL/eer  x jraix ■■«•  •  •>«• 

Delta 

DenTer  (2) 

Dolly  Varaen  Mine . 

Eagle  Farm 

Eastonville 

Elkhor  n .......... . 

Emma 

First  View 

Fort  Collins 

Fort  Crawford 

Fort  Lewis 

Fort  Logan 

Fort  Lyons 

Fraser 

Georgetown 

Olenwood  Springs . 

Grand  Lake 

Greeley 

Gnnnison 

Hardin 

Hugo 

Hnsted 

Idaho  Springs 

Jnlesburg 

Kit  Carson 


Lamar 

La  Porte 

Las  Animas 

Leadyille 

Li  vermore . . .' 

Longmont 

Loveland 

Magnolia 

Middle  Box  Elder.. 

Monte  Vista 

Ouray 

Palmer  Lake 

Paoli 

Paraohnte . 
Platoro  ... 
PlatteTille 
Rifle  Falls. 
River  Bend 


Booky  Ford 


Observers. 


. 


L.  Powell. 
W.  H.  Powless. 
Mrs.  J.,  Rogers. 

C.  W.  Thiele. 
I.  S.  Patnam. 

Dr.  B.  A.  Arbogust. 
Mrs.  M.  Leavitt. 

D.  8.  Harris. 

F.  S.  Pntnam. 
W.  B.  Felton. 

U.  8.  Geol.  Survey. 
L.  N.  McLane. 

G.  C.  Wortman. 
A.  Reichenecker. 
Jesse  E.  Gliok. 
C.  G.  Brown. 

J.  A.  Curtis. 
Rev.Wm.For8tall. 
C.  L.  Cass. 
H.H.  Griffin. 
H.  G.  Kiohols. 
R.  C.Boyle. 

C.  H.  Mather. 
C.Magee. 

Prof.L.G.Carpenter. 
U.  S.  post  surgeon. 

Do. 

Do. 

Do. 
L.  D.  C.  GaskUl. 
Dr.  W.  A.  Jayne. 
J.  C.  Kennedy. 
James  Cairns. 

E.  Bethel. 

D.  McCann. 

E.  B.  Barnes. 

F.  E.  HalL 
E.  P.  Moore. 
W.B.  Hawkins. 
H.  M.  Woodman. 
A^nt  Union  Paoifio 

R.  R. 
G.T.Herbert. 
C.J.Gilkison. 
W.E.  Culver. 
Dr.  M.  H.  Sears. 

G.  E.  Bumham. 
Dr.  E.J.  Clark. 
William  Eiaemann. 
P.  Haigh. 
E.F.Kerr. 
C.J.Aldrich. 

G.  E.  Kedzie.     > 
Dr.  Thos.  Gaddis. 
L.  W.  Jones. 
L.  A.  Kelly. 
C.  W.  Raymond. 
G.  W.  Ressell. 
W.  L.  Wilder. 
Agent  Union  Paoifio 

R.R. 
F.Watrons. 


Stations. 


Colorado— Cont'd. 

Saguache , 

San  Luis  Exp.  Sta. 

S^d^wick 

Spnngfield 

Stamtord 

Sun  View 

Then 

T.  S.  Ranch ........ 

Upper  Pine 

Villa  Grove 

Watkins , 

Wigwam , 

Conneotkmi. 

Birmingham 

Canton 

Clark's  Falls 

Colchester 

Falls  Village 

Fort  Trumbull 

Hartford  (1) 

Hartfotd(2) 

Hartford  (3) 

Lake  Konomoc  ... 

Lebanon  ......... 

Mansfield 

Middletown 

New  Britain 

New  Hartford  (1). 
New  Hartford  (2). 

Newington 

North  Woodstock. 

Pomfret 

Shelton 

Southington 

South  Manchester 

Thompson 

Uncasville 

Volnntown 

Wallingford 

Waterbury 

West  Simsbury 

Delaware. 


Observers. 


Kirkwood 
Newark.. 


Diatriot  of  Columbia. 

Kendall  Green 

Washington     Bar- 
racks. 

Florida. 
Altamonte  Springs. 
Archer 


J.  W.  Rambo. 
H.H.  Griffin. 
J.  D.  Lucas. 
G.  W.  Johnston. 
Geo.  Poehill. 

P.  Blnmer. 
£.  A.  Rider. 
T.  Q.  Halliday. 
L.T.Durbin. 
Agt.  U.  P.  R.  R. 
Joseph  Lrwin. 


H.  K.  Stevens. 
G.  J.  Cass. 
J.  G.  Perry. 
S.  P.  Willard. 
M.  H.  Dean. 
U.  S.  post  surgeon. 
Will&m  R.  Matdon. 
J.  Mnrtagh. 
Rev.  S.  Hart. 
New  London  Water 

Works. 
J.  H.  Tucker. 
E.  A.  Bailey. 
H.  D.  A.  Ward. 
H.  F.  Wells. 
Rev.  Wm.  Goodwin. 
R.  R.  Smith. 
T.  A.  Kirkham. 
L.  H.  Healey. 
W.  J.  Bartholomew. 
F.B.Wheeler. 
Luman  Andrews. 
K.  B.  Loomis. 
Miss  E.  D.  Larned. 
W.  H.  Rathbone. 
Rev.  E.  Dewhurst. 
Mrs.  B.  F.  Harrison. 
N.J.Welton. 
S.  T.  Stookwell. 


William  Camagy. 
Prof.  Gea  A.  Harter. 


C.L.Washburn. 
U.  S.  post  surgeon. 


M.  E.  Bingham. 
C.  E.  Rubins. 
A.F.Wymaii. 
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List  of  Voluntabt  ObssbvsbSi  Post  Subgxons^  xra— Gontiiiiied. 


Stations. 


.FZorido— Cont'd. 

Fort  Barrancas . . . 

Fort  Meade 

Homeland 

Kissimmee 

Lake  City 

Manatee 

Matanzas 

Merritt'8  Island . . . 
St.Francis  Barrackn 

Tallahassee 

Villa  City 

Georgia, 

Andersonville .... 
Athens  


ObeeryeiB. 


Diamond 

JL/UwK  •••«••  •«•«•< 

Forsyth 

Fort  McPherson 

Gillsville 

Hephzibah 

Marietta 

Milledf^eville  — 

Point  Peter 

Quitman  (I) 

Thomas  ville  (I). 
Woolley's  Ford . 

Idaho, 

Bois^  Barraoks . 

Era 

Fort  Sherman  .. 

Kootenai 

Lewiston 

Soda  Springs  — 

Illinois. 

Aledo , 

At  wood .  ....... 

Aurora  (I) 

Aarora(2) 

Beason 

Belvidere 

Brush  Uill 

Cedarville 

Centralia 

Charleston 

Collinsville 

Dwight  . ...... . 

Fairfield 

Flora 

Fort  Sheridan . . 
QibsoD  City.  — 

Golconda 

Greenville 

Griggsville 

Hennepin 


U.  8.  post  surgeon. 
A.  H.  Adams. 
J.  S.  Wade. 
E.  E.  W.  Brewster. 
Dr.J.C.Neal. 
Mrs.  M.  W.  Broberg. 
Mrs.  B.  £.  Dnpont. 
Rev.  J.  H.White. 
U.  S.  post  surgeon. 
Rev.  W.H.  Carter. 
Rev.  J.E.Rouud. 


H.  W.  Bryant. 
Prof.  L.  *H.  Char- 
bonnier. 
William  Kimzey. 
A.  S.  Gillespie. 
Thomas  G.  Scott. 
U.  S.  post  surgeon. 
C.  W,  Meaders. 
R.  L.  Rhodes. 
G.  S.  Owen. 
S.  A.  Cook. 
C.  M.  Witcher. 
J.  L.  Cutler. 
C.  S.  Boudurant. 
Hon.  A.  J.  Julian. 


U.  S.  post  surgeon. 
Hervey  Brooks. 
U.  S.  post  surgeon. 
David  McLoughlin. 
Robert  Schleicher. 
Dr.  L.  C.  Eastman. 


T.  McWhorter. 
J.  W.  C.  Gray. 
W.  Holdcn. 
Dr.  M.  M.  Robins. 
L.  H.  Sullivan. 
£.  L.  Lawrence. 
C.  L.  Farrington. 
John  Wright. 
J.  L.  Hallam. 
J.  B.  Dazey. 
Dr.  J.  L.  R.  Wads- 
worth. 
H.  D.  Fisk. 
Jacob  Hall. 
L.  A.  Michels. 
U.  S.  post  surgeon. 
W.  C.  Ball. 
J.  E.  Y.  Hanna. 
Prof.  M.  S.  Oudyn. 
C.  H.  Oaliford. 
A.  T.  Purviance. 


Stationa. 


immaiB—Con^d. 

Irishtown 

Jordan's  Grove  ... 
JxanKaKee . ...... . 

Lacon 

Lake  Forest 

Lanark 

Louisville 

Martinsville 

Mascontah 

Mattoon 

McLeausborongh  . 

Mount  Morris 

Olney 

Oneida 

Oswego 

Ottawa 

Palestine 

Pana 

Pekin 

Peoria 

Petersborgh 

Philo 

Pontiao 

Quinov...... ..... 

Richview 

Riley 

Rockford 

Rock  IsPd  Arsenal 

Rushville 

Sandwich 

Seneca  

South  Evanston  . . 

Sumner. 

Sycamore 

Watseka 

Wheaton 

White  Hall 

WiUowHiU 

Windsor 

Winnebago 

Woodstock 

Indiana, 

Angola 

Blue  Lick 

ButlerviUe 

Cannelton , 

Columbia  City.-.. 

Columbus 

Connersville 

Degonia  Springs. . 
Delphi 

Earl  Park 

Farmland 

Franklin 

Huntertown 

Huntingbnrgh 


Obaarvea. 


WiUiam  Bogan. 
W.  J.  8.  Cathcart. 
J.  G.  Knecht. 
Rev.  A.  C.  Price. 
L.  R.  F.  Griffin. 
C.  H.  Beeler. 

B.  A.  Jenkins. 
J.  B.  Sheapley. 
Dr.  G.  Lei  brock. 
William  Dozier. 
William  P.  Gibbs. 
William  Feary. 
Charles  H.  Fahs. 
T.  A.  Wetmore. 
J.  8.  Seeley. 

Dr.  J.  Q.  Harris. 
John  E.  Templeton. 
J.  K.  Eberle. 
Rev.  J.  E.  Terlioria:. 
Dr.  Fred.  Brendel. 
W.  T.  8tephen2$OD. 
H.  A.  Burr. 
Isaac  Young. 

C.  H.  Oakford. 
A.  G.  Tucker. 
John  W.  James. 
J.  W.  Budlong. 
U.  8.  post  surgeon. 
Nathan  T.  Veatch. 
Dr.  N.  £.  Ballou. 

Dr.  M.  D.  Ewell. 
J.  A.  Fyffe. 
RoBwell  Dow. 
Henry  UpsaQ. 

P.  J.  Bates. 

A.  H.  Hatch. 
Frank  Osbom. 
(George  D.  Silliman. 


L.  Stealv. 
G.  Poindexter. 

C.  F.  Hole. 
T.  £.  Huston. 
Dr.  N.  L  Kithcart. 
J.  A.  Peiry. 

R.  Hessler. 

J.  E.  Wright, 

J.  P.  White. 

Hieginbotham    A 
&n. 

Cleveland,  Cincio' 
natiyChioago,  aod 
St.  Louis  £R.   . 

W.  J.  Davisson. 

D.  A.  Owen. 
J.  C.  Hunter. 
C.  R.  Klnger. 
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List  of  Voluntary  Observers,  Post  Surgeons,  etc. — Continued. 


Stations. 

Observers. 

Stations. 

Observers. 

Indiana-— Con  t'd. 

Jeffersonv  ille 

Lacoiiia ........... 

J.  C.  Iioomis. 

Lafe  Crozier. 

Purdue  University. 

Cleveland,    Cincin- 
nati, Chicago,  and 
St.  Louis  R.  R. 
Do. 
Do. 

J.  M.  Johnson. 

S.  R.  Frankboner. 

Elwood  Kirk  wood. 

J.  M.  Lockwood. 

Stephen  &  Durham. 

Prof.  E.  S.  Hallett. 

James  F.  Hood. 

Elisha  Jones. 

£.  J.  Mote. 

A.  C.  Bates. 

J.  W.  May. 

IJrias  Wilson. 

John  A.  Forsythe. 

8.  B.  Morris. 

William  Dawson. 

Dr.  E.B.  Vincent. 

Cleveland,  Cincin- 
nati, Chicago  and 
St.  Louis  R.  R. 

Prof.  C.  G.  Boerner. 

Dr.  W.  B.  Squire. 

Dr.  R.  Leming. 
U.  S.  post  surgeon. 

Do. 

Do. 

Do. 
MorriR  Collar. 
Dr.M.M.Yeakley. 
F.M.  Madden. 
C.  F.  Sommer. 

David  E.  Hadden. 
Conrad  Schadt. 
J.  Rush  Lincoln. 
H.  N.  Renfrew. 
H.W.Vandike. 
James  Rogers. 
Moses  Simon. 
G.  N.  Ferguson. 
H.D.Olds. 
A.S.VanSandt. 
Luke  Roberts. 
Gregory  Marshall. 
Harry  C.  Harrison. 
G.  B.  Brackett. 
Adolphus  Voegeli. 
J.W.Boyle. 
Joseph  Dyaart. 

Iowa — Continued. 

Eagle  Grove 

Elkader 

C.  A.  Sohaffter. 
Mrs.  J.  N.  Hamilton. 

La  Fayette  (1) 

La  Fayette  (2)  .... 

Faj'ett  e 

K,  Z.  Latimer. 

FortMadison  (near) 
Gillett 

MiH.sL.A.McCready. 
H.W.Moore. 

Lawrenoeburgh  ... 
Lebanon  .---.. ..«. 

Glenwood(l) 

Glen  wood  (2) 

Grinnell 

Seth  Dean. 
A.  Schappel. 
Prof.  S.J.  Buck. 

Marengo 

Marion ...... ...... 

Hampton 

E.  C.  Gi  enelle. 

Humboldt 

Miss  F.  Prouty. 
E.F.WUlfke. 

Mauzv 

Independence 

Iowa  City 

Mount  Vernon 

Prof.  A.  A.  Veblen. 

Muucie 

Logan  ...... ...... 

Mrs.  M.B.  Stem. 

New  Providence..  . 
Point  Isabel ....... 

McCansland 

Manson 

Miss  R.  Pearl  Barr. 
W.L.  Thompson. 
Dr.  A.  B.  Bowers. 

Princeton  ...... .. . 

Maquoketa 

Monticello 

Mount  Pleasant 

Mount  Vernon 

Muscatine 

Osase 

Richmond ......... 

H.  D.  Smith. 

Rockyille 

Dr.  Max.  E.  Witte. 

Salem .  ............ 

Prof.  Alonzo  Collin. 

Scaiesville 

Seymour  .......... 

J.P.Walton. 
G.D.Pattingill. 
F.  M.  Kyte. 
Joseph  Boyd. 
O.  H,  Avey. 
Dr.  Caleb  Brown 

Shelbyville 

Spiceland 

Sunman(l) 

Snnman(2) 

Osceola 

Oskaloosa  (1 ) 

Oskaloosa  (2) 

Sack  City 

Storm  Lake 

Vinton 

A.J.Bond. 
T.  F.  McCune. 

Vevav 

Washington 

Webster  City 

Wesley... 

William  A.  Cook. 

W  orthington 

C.  M.  Truiribauer. 
William  Ward. 

Julian  Territory, 

Caddo  Creek 

Fort  Gibson 

Fort  Reno  (2) 

Fort  Sill  (2) 

Fort  Supply  (2).... 
Guthrie 

West  Bend 

KansM. 
Abilene 

Philip  Dorweiler. 

Aug.  Miller. 
J.  J.  Casis. 
B.  P.  Han  an. 

Allison 

Arlington 

Jimtiown 

Atwood 

Augusta 

Belleville 

Albert  Homing. 
F.E.Ellis. 
A.  B.  Graves. 

Lehigh 

Oklahoma 

Bendina 

G.Campbell. 
J.  Hogan. 
Cbarles  S.  Culver. 

Xowa, 

Brookville 

Bnckiin 

Alta 

Buffalo  Park 

Bunker  Hill 

Burr  Oak 

H.  G.  Adams. 
G.  J.  Knapp. 
H.  E.  Faidley. 
J.  C.  Best. 

Amana ...... ...... 

Ames ...... .... .... 

Carneiro 

Bancroft 

CawkerCity 

Colby 

A.  G.  Alrich. 

Belle  Plaine 

C.  E.  Bennett. 

Blakeville 

Carroll 

Coldwater 

CoUyer 

J.  M.  Lobaugh. 
D.  M.  Brown. 

Carson 

Concordia  (2) 

Con  wav 

H.  A.  Williams. 

Cedar  Rapids 

Clarinda 

Clinton 

George  Olivant. 

E.  Sbaw. 

F.  G.  Nichols. 

Cunningham 

Dorrance 

Cresco  ............ 

Downs 

J.  B,  Handy. 
William  Tavlor. 

Cromwell 

Dwieht 

Denmark 

J-r    T»    l^JAW        ....      ......     . 

EIco 

C.W.  Oilman. 

Des  Moines  (near)  . 

Dunkerton 

Dysut 

Elk  Falls 

Dr.  A.  C.  Williams. 

Ellis  (1) 

Blli8(2) 

J.  R.  Reed. 
F.  £.  Black. 

630 


BEPOBT  OF  THE  CHIEF  SIGNAL  OFFICES. 


List  of  VoLUNtART  Obssbvebs,  Voter  BuboeoiTOi  bto.— Coniiniied. 


Stations. 


iTantaa— Cod  t'd . 

Ellswortli 

Emporia 

Eoglewood 

Fort  Hays 

Fort  Leavenworth 

Fort  Riley 

Fort  Scott 

Fremont  (Atkin)  . 

Gibson 

Globe  

Gognac 

Gorham  .......... 

Gove  City 

Grainfield 

Grenola 

Grionell 

Halstead 

Haven 

Havensville 

Hays  City 

Horton 

Hoxle 

Hngoton , 

Independence 

Junction  City  ..... 
Kaoopolis 

K«llogg 

LaHarpe , 

Lakin , 

Lawrence 

Leavenworth  Mil. 
Prison. 

Leoti 

Lincoln 

Lnray 

McAllister , 

Macksville 

McPherson 

Manhattan  (1) 

Manhattan  (2) 

Marmaton 

Minneapolis 

Montero 

Monnment 

Morse , 

Ness  City 

Oakley < 

viuerio  .•■•  >•.. .... 

Ogallah 

Ottawa , 

Qainter , 

Biohfleld 

Borne 

Bnssell , 

Salina  ...• ....  .... 

Santa  Fe , 

Scott  City 

oom%u  •  »•«•  •*••  M««i 


Observers. 


J.  S.  Nicholson. 

Prof.T.H.Dinsmore. 

C.D.Perry. 

U.  S.  post  surgeon. 

Do. 

Do. 
W.  W.  Dillard. 
Edw.  Atkin. 

C.  M.  Bell. 

Wm.  Featherston. 
T.  M.  Grisson. 
L.  H.  Holzer. 
H.  Woodcock. 

E.  A.  Lewis. 

B.  M.  Lawyer. 
£.  P.  Bradshaw. 

D.  C.  Bath, 
G.  W.  Benson. 
L.  W.  Dennen. 

F.  E.  Black. 
W.  S.  Belden. 
O.  F.  Ellithrope. 
W.  H.  Bogers. 
J.  M.  AltWBr. 
Prof.  Bobt.  Hay. 
Agent  Union  Pacific 

B.  B. 
Jacob  Nixon. 
Isaac  S.  Coe. 
F.B.  French. 
Prof.  F.  H.  Snow.  * 
U.  S.  post  snigeon. 

C.  B.  Jennings. 

B.  A.  Barney. 
William  Graves. 
W.  H.  Mead.     . 
W.  H.  Parker. 

C.  E.  Poling. 
F.T.Dunkle. 
C.  M.  Breeee. 
C.  P.  Blachley. 

A.  C.  Abbott. 
J.  L.  Steel. 
W.  F.  Howe. 

J.  W.  Edwards. 

B.  P.  Edgington. 
L.  E.  Knowles. 

C.  M.  Kaufman. 

G.  F.  Tassell. 
Noah  Yetter. 
Prof.  O.C.Charlton. 
H.  W.  Hart. 
George  H.  Allen. 

D.  M.  Adams. 
W.J.Hillyer. 
J.  H.  Gibson. 
Judge  B.  P.   Hem- 

inger. 
S.  P.  Kane. 
J.W.Goodell. 


Stations. 


JCsfMM— Cont'd. 


Seneca 

Sharon  Springs. 


Shields 

Stockton 

Tribnne 

Vesper 

Yiotoria 

Wakeeney 

Wakefield 

Walker 

Walnut  Grove. 
Wellington.... 
Weskan....«.. 
Wilson 


Winfield  .... 

Winona 

Tates  Center 


Kmtwihif, 


Aflhland 

Bemstadt 

Bowling  Green  — 

Canton 

Earlington 

Falmouth 

Frankfort 

Franklin 

McHenry 

Madison  ville 

Millersbnrgh 

Mount  Sterling.... 

Murray 

Newport  Barracks 
Owensborongh  .... 

Owenton 

PellviUe 

Bichmond 

Shelbyville 

South  Fork , 

Springfield , 


LauiHana, 


<  m  *  •  ^  I 


Observers. 


Abbeville  . 
Alexandria 

Amit^  City 

Arcadia 

Baton  Bonge .... 

Cameron 

Cheney  ville 

Clinton 

Convent  

Conshatta  Chute 

Crowley 

Donaldson  ville  .. 
Emilie  (Mount  Airy) 
Farmerville 
Franklinton 


Dr.S.S.EayBb!er. 
Affent  Union  Pacifie 

B.  B. 
W.  H.  Harvey. 

B.  L.  Miokel. 

C.  £.  Wightman. 
Wm.  B.  Chemey. 
W.  J.  Holt. 

J.  S.  Morton. 
Wm.  P.  Cochran. 
W.  8.  Badf Old. 
G.W.Hollenback. 
John  H.  Wolfe. 
C  £.  xeed. 
Afent  Union  Pacific 

W.  J.  Wilson. 
J.  S.  Adams. 
F.B.  Gray. 


J.  M.  FeTsnfloii. 
Jno.  de  Flanta. 
M.  H.  Crump. 
C.  H.  Mijor. 
J.  B.  Atkinson. 
F.  G.  Held. 
E.C.Went, 
T.  W.  MoGill. 
W.  G.  Duncan-. 
T.  J.  Gill. 
Bev.  C.  Pope. 
H.C.McKee. 
James  P.  Jones. 
U.  S.  post  surgeon. 
Watkmsd^  Carter. 
James  S.  Cox. 
Oscar  Haynes. 
Prof.  O.  A.  Kenoedy. 
H.W.Prelsslar. 
A.  B.  Gilbert 
Dr.  W.W.Bay. 


Dr.  C.J.  Edwards. 
L.  C.  Giffe. 
Grace  Manard. 
Prof.  J.  M.  Beeson. 
Proi:B.B.Bo«. 
Hon.  S.  P.  Henry. 
C.W.Owen. 
J.  A.  White,  jr. 
Prof.  Frank  Green. 
L.  M.  Howard. 
A.  B.  Goodrich. 
Paul  Leche. 
Dr.L.D.Chaaff. 
W.  P.  Chandler. 
Prof.  J.  M.  Pn|^. 
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List  of  YoLtTNTARY  Observxbs,  Post  Subosokb,  btc— Continned. 


Stations. 


LowMana — Cont'd . 

Grand  Cane 

Grand  Cotean 

Hammond 

Honma 

Jackson  Barracks. . 

Jeanerette 

Jennings 

La  Fayette 

Lake  Charles 

Lake  Providence .. 

Liberty  HUl 

Lnling 

Mandeville 

Marksville 

Manrepas 

New  Iberia 

Plaqnemine 

Pointe  k  la  Hache  . 

RayviUe 

St.  Joeepb ..... .... 

Shell  Beach 

Sugar  Experiment 
Station. 

Thibodeanx 

Trinity 

West  Melville 

Winnfleld 

Maine, 

Bar  Harbor 

Belfast. 

Calais 

Cornish 

Fairfield 

Fort  Preble 

Gardiner 

Kennebec  Arsenal . . 

Kent's  Hill 

Lewiston 

Mayfield  .......... 

Orono 

Petit  Manin 

West  Jonespor  t 

Maryland. 

Barren    Creek 

Springs. 
C  amberland  ( 1 ) . . . . 
Cnmberland  (2) . . . . 

Fallfiton 

Fort  McHenry 

Frederick 

Gaithersbargh 

Galena 

Gambrill's 

Jewell 

McDonogh 

Monnt  St.  Mary's  . . 

Woodstock 


Observers. 


Prof.  G.  Williamson. 
Rev.  J.  A.  Raby^S.  J. 
W.  A.  Reed. 
H.  F.  Belanger. 
U.  S.  post  surgeon. 
G.  W.  Whitworth. 
Jno.  R.  Hunter. 
W.  W.  Wall. 
Dr.  Wm.  Meyer. 
S.  T.  liC  May. 
Dr.  £.  A.  Crawford. 
F.  M.  Rogers. 
Alexander  Band. 
Leon  Molenar. 
Robert  Benefield. 
Mrs.  Jno.  A.  Gebert. 
P.  G.  Kleinpeter. 
F.  C.  Mvers. 
T.N.  Rhymes. 
J.  S.D.  Newell. 
E.  De  Champs. 
T.  H.  Jones. 

M%|.  S.T.Grisamore. 
Hugh  Watson. 
L.P.Ault. 
L.  J.  Dodge. 
J.  M.  McCain. 


Joseph  Wood. 
L.  H.  Mnroh. 
Dr.  D.  E.  Seymour. 
Silas  West. 
H.  H.  Mansfield. 
U.  S.  post  hospital. 
Henry  Richards. 
U.  S.  post  surgeon. 
Prof.  W.  C.  Strong. 
Union  Water  Power 

Company. 
V.  P.  Hail. 
Prof.M.C.Femald. 
G.  L.  Upton. 
C.  Hopkins. 


A.  E.Ac  worth. 

E.T.Shriver. 
Howard  Shriver. 
Prof.  G.  G.  Curtis. 
U.  S.  post  surgeon. 
McClmtock  Young. 
John  T.  De  Sellnm. 
Henry  Parr. 
J.  E.  Mogne. 
Joseph  Plummer. 
McDonogh  Institute 
Monnt   St.  Mary's 

College. 
Woodstock  College. 


Stations. 


MaBsac^meUs, 

Amherst  (1) 

Amherst  (2) 

Amherst  (3) 

Beverly  Farm 

Bine  Hill  (summit) 
Blue  Hill  (base)  . . 
Blue  Hill  (valley). 

Boston 

Brewster 

Cambridge  (1).... 

Cambridge  (2) 

Chestnut  Hill 

Chicopee 

Clinton 

Cotnit 

Deerfield(l) 

Deerfield(2; 

Dudley 

Fall  River  (I) 

FaURiver(2) 

Fiskdale 

Fitohburg(l) 

Fitohburg(2) 

Fort  Warren 

Framingham 

Gilbertville 

Groton 

xiea  vU . ......  ••••«! 

Holyoke 

Lake  Cochituate. . 

Lawrence 

Leicester 

Long  Plain 

Lowell(l) 

LoweU(2) 

Lowell  (3) 

Lowell  (4) 

Ludlow 

Lynn  ..••••..••.. 

Mansfield 

Medford 

Middleborough  . . . 

Milton 

Monson 

Mount  Nonotuck  . 
Mystic  Lake. ..... 

Mystic  Station  (en- 
gine house). 
Mystic  Station  ... 

Nahant 

Natick 

New  Bedford  (1).. 

New  Bedford  (2J.. 
Newburyport  (1).  - 


Observers. 


Miss  S.  C.  Snell. 
Agricultural  experi* 

ment  station. 
Hatch    experiment 

sration. 
T.K.Lathrop. 
Prof.A.L.Rotoh. 
Do. 
Do. 
Desmond  Fitzgerald 
Dr.  F.  A.  Rogers. 
Harvard  Col.  Obtfy. 

E.  C.  Brooks. 
Desmond  Fitzgerald 

F.  H.  Norton. 

G.  W.  Weeks. 
Gen.  J.  H.  Reed. 
Rev.  A.  Hasen. 
J.  Childs. 

Conan  t  Observat'y. 

C.  V.  8.  Remington. 

P.  Kiernan. 

O.B.Trueedale. 

Dr.  J.  Fisher. 

Dr.  A  P.  Mason. 

U.  S.  Dost  surgeon. 

Boston  waterworks. 

Dr.  W.E.Brown. 

C.  Woolley. 

B.  B.  Cutler. 

J.  W.  Doran. 

Boston  waterworks. 

Essex  Co. 

Arthur  Kendrick. 

New  Bedford  water* 
works. 

F.  E.  Saunders. 

Prop.    Locks    and 
Canals. 
Do. 

Merrimac  Manufao* 
tnring  Company. 

M.  W.Graves. 

J.  C.  Haskell. 

J.  H.  White. 

R.  M.  Grow. 

Middleborough  wa- 
terworks. 

Rev.A.K.Teele. 

Dr.  G.  E.  Fuller. 

William  Street. 

Boston  waterworks. 
Do. 

Report  of  city  engi- 
neer. 
Dr.  W.D.Hodges. 

New  Bedford  water* 

works. 
T.  A.  Rodman. 
T.  V.  Pike. 
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List  of  Yoluntary  Obbebyeiuii  Post  Surgeons,  etc.— Continaed. 


Massadhusetti — Con- 
tinned. 

Ne wbnryport  (2)  -  - . 

Northampton 

North  fiillerioa.... 

Plymouth 

Princeton 

Provincetown 

Randolph 

Rowe 

Royalston 

Salem  (1) 

Salem  (2) 

Somerset 

Sonth  Hin^ham  . . . 
Sprin^eld    (Nat'l 
Armory). 

Swampscott 

Tannton(l) 

Tannton  (2) 

Tannton  (3) 


Waltham. 


Wellesley 


Westborough. 
WilliamBtown 


Winoheflter 

Worcester  (1^..* 
Worcester  (2)  — 

Michigan, 

Adamsville 

Adrian 

Albion  (I) 

Albion  (2) 

Allegan 

Alma 

Ann  Arbor 

Arbela 

Atlantic  Mine  . . 
Ball  Monntain.. 

Bear  Lake 

Bell  Branch 

Benton  Harbor . 

Benzonia 

Berlin 

Berrien  Springs 

Big  Rapids 

Birmingham  ... 

Bronson 

Buchanan  

Calamet 

Cassopolis 

Charlevoix 

Chase ...... .... 

Chelsea 

Clinton 

Colon 

Columbiaville.. 


Newbnryport  water 

works. 
J.  M.  Clark. 
C.  H.  Kohlrausoh. 
Miss  L.  B.  Knapp.      ' 
Dr.  R.  H.  Mansnr. 
J.  R.  Smith. 
E.  D.  Page. 
J.  Davis. 

Miss  L.  W.  Chase. 
J.  P.  Andrews. 
A.  A.  Smith. 
Elisha  Slade. 
H.W.  Gushing. 
U.  8.  post  surgeon. 

W.  Richardson. 

Dr.  E.  W.  Jones. 

A.  F.  Sprague. 

Tannton  water- 
works. 

Boston  Manufactur- 
ing Company. 

Prof.  Sarah  F.  Whit- 
ing. 

J.  S.  Newcomb. 

Wi  11  i  ams    College 
Observatory. 

L.  R.  Symmes. 

J.  B.  Hall. 

R.  Fobes. 


J.  F.  Emerson. 
W.H.Howard. 
William  Boyd. 
Charles  £.  Barr. 
Q,  W.  Griggsby. 
P.M.Smith. 
A.  L.  Colton. 
William  Atkin. 
H.  Obenhoff. 
F.  N.  Hilton. 

D.  J.  McDiarmid. 
C.  W.  Cornwall. 
Dr.H.V.Tutton. 
C.  T.  Hopkins. 
R.  O.  Gould. 

F.  A.  Zerby. 
F.  R.  Fowler. 
S.  Alexander. 
Dayid  Strachly. 
C.  F.  Howe. 

E.  S.  Grierson. 
H.  J.  Webb. 
E.  H.  Green. 
C.  J.  Wells. 
Prof.  A.  Holt. 
D.Woodward. 
George  W.  Teller. 
George  H.  Davis. 


lf{e)U^aii--ContM. 

Concord 

Deer  Lake 

East  Saginaw 

East  Tawas 

jCfCieu  .....a  ....  •.* 

Evart 

Fitchbnrgh 

Flint 

Fort  Brady 

Fort  Mackinac  . . . 

Fort  Wayne 

Fremont 

Gaylord 

Gladwin 

Grand  Rapids  .... 
>jrrape ......  ••..•• 

Grayling 

Gulliver  Lake 

Hanover  ......... 

HarrisviUe 

Hart 

Hastings 

Hayes ............ 

Highland  Station. 

Hillman 

Hillsdale 

Hudson 

Ionia 

Jeddo 

Ealamassoo 

Kenockee  

Lansing  (2) 

Lathrop 

Madison 

Manchester 

Marshall 

May 

Mio 

Montague 

Mottville 

Noble 

North  Adams . 

North  Aurelius  ... 
North  Marshall . . . 
Olivet 

Otsego 

Ovid 

Paw  Paw 

Petersburgh 

Pontiac 

Pnlaski 

Rawson  ville 

Romeo 

Roscommon 

St.  Ignace 

St.  John's 

Sand  Beach 

Standish 


Manley  Shotwell. 
J.  W.  Ash. 
J.  J.  Granville. 
S.  B.  Laird. 
J.  W.  Ohapin. 
Mrs.  H.  A.  Hepburn. 
Menzo  Conklin. 
William  L.  Fisher. 
U.  S.  post  surgeon. 

Do. 

Do. 
C.  L  Rathbun. 
J.  H.  Scott. 
Prof.  F.  C.  Smith. 
F.  W.  Ball. 
J.  W.  Morris. 
O.  Palmer. 
A.  Beebe. 
L.  B.  Smith. 
Dr.  D.  W.  Mitchell. 

F.  H.  Edwards. 
Dr.  F.  R.  Timmer- 

man. 
C.  F.  Leipptrandt. 
A.  D.  De  Garmo. 
James  Francis. 
£.  B.  Rodgers. 
Mf^.A.H.Boies. 
Roy  M.  Watkina. 
O.  L.  Giddinga. 
William  Bice. 
William  A.  Blaek. 
William  Mason. 
Dr.  H.  B.  Baker. 
A.  Lathrop. 
H.  C.  Bradish. 
L.  D.  Watkins. 
Dr.  G.  H.  Green. 
Nelson  Cody. 
John  Randall. 

G.  A.  Whitbeck. 
J.  A.  Hartzler. 
£.  B.  BnshnelL 
M.  Foote. 
Harvey  Wilsoiu 
Perry  Mayo. 
Prof.  C.  S.  Richard- 
son. 

Milton  Chase. 
W.  H.  Taxon. 
J.  C.  Gould. 
Dr.  S.  L.  Jones. 
Henry  M.  Warren. 
J.  W.  Hutchins. 
L.  R.  Brown. 
Prof.  O.  D.  Thomp- 
son. 
H.  M.  Heal. 
Rev.  John  Ferriea. 
A.  O.Hunt. 
Walton  E.Nio!a. 
James  J.  Decker. 
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List  of  Yoluntary  OBSERVBRSy  Post  Suroeokb,  kto.— Continnedv 


Stations, 


Michigan — Con  t'd. 

Stanton  

Stockbridge 

Thorn  ville 

Traverse  City  (1). 
Traverse  City  (2) . 

Vandalia 

Vienna 

Washington 

Weldon  Creek 

West  Branch    

Williamston 

Ypsilanti  (1) 

Ypeilanti  (2) 

Minnesota, 

Brainerd 

Crookston 

Farmi  ngton 

Fort  Snelling 

Grand  Meadow  . . . 
I^ake    Winnibigo- 

shish  Dam. 
Leech  Lake  Dam  . 

Le  Snenr 

Mankato 

Medford 

Minneapolis 

Montevideo 

Morris 

Northfield 

Owatonna 

Pine  River  Dam . . 
Pokegama  Falls . . 

Red  Wing 

Rolling  Green 

St.  Charles 

Miisiiisippi. 

Agricnitnral    Col- 
lege. 

Boone  ville 

Canton 

1!  ay  eciie  •  •*••••>•• 

Greenville 

Holly  Springs  .... 

Koscinsko 

Ajamar  .... .... ... 

Loch  Leven 

Logtown 

Loaisville 

Macon  (1) 

Palo  Alto 

Pearlingtou 

Pontotoc 

Rienzi 

Ripley 

Snmmit 

Water  Valley 

Wayneaborongh  (1) 


Observers. 


Renben  C.  Gardner. 

C.  H.  Force. 

Dr.  J.  S.  Canlkins. 

S.E.Wait. 

Dr.  Jas.  D.  Mnnson. 

Amos  Smith. 

M.  M.  McCormack. 

Van  W.  Eaton. 

J.  J.  Gelding. 

W.  A.  Weeks. 

J.  H.  Foster. 

J.  C.  Bemiss. 

C.  S.  Woodard. 


Capt.  A.E.  Veon. 

John  Ross. 

D.F.Akin. 

U.  S.  post  snrgeon, 

C.  F.  Greening 
E.  CuUen. 

J.  EUingsen. 
L.  B.  Davis. 

D.  U.  Stockley. 
Dr.  J.  D.  Beeman. 
William  Cheney. 
Lloyd  G.  Moyer. 
D.T.Wheaton. 
G.  H.  Alden. 

C.  E.  Crane. 
Neil  Johnson. 
B.  C.  Finnegan. 
Prof.  O.  Whitman. 
Capt.  F.  Wherland. 
H.W.Hill. 


J.  M.  White. 

A.  G.  Smith. 

Dr.  G.  Smith-Vaniz. 

L  N.Bedford. 

R.  Somerville. 

Dr.T.B.Shnford. 

Lonis  Hey  man. 

A.  W.  Holl. 
W.  H.  Swan. 
Capt.  C.  D.  Koch. 

B.  T.  Webster. 
A.T.Dent. 
W.  H.  Hill. 

Dr.  J.  A. .  Mead. 
Dr^C.W.  Bolton. 
Dr.  J.  W.  Stevens. 
E.N.Hnnt. 
J.  N.  Tennisson. 
A.  Erikson. 
W.  8.  Davis. 


Stations. 


Mi89ouri, 

Carthage 

Columbia^ 

Conception 

Craig 

Excelsior  Springs. . 

Fayette 

Fox  Creek 

Frankford 

Glasgow 

Grand  Pass 

Harrisonville 

IroDton  

Jefferson  Barracks. 
Kansas  City  (2).... 

Kidder 

Kirkaville 

Lamonte 

Langdon  

Mexico 

Miami  (1) 

Miami  (2) 

New  Frankfort  ..1. 

New  Haven 

Oak  Ridge 

Oregon 

Ozark 

Princeton 

St.  Charles  (1)  .... 
St.  Charles  (2)  .... 

St.  Louis  (3) 

St.  Loui8(2) 

St.  Lonis(4) 

Savannah  

Sedalia 

Shelbina 

Spcin£[field 

Steelville 

Trov 

Warrensbnrgh 

Warrenton 

Wiilow  Springs 

Wither's  Mills 

Montana. 

Camp  Poplar  River 
Fort  Assinniboine^) 
Fort  Custer  (2) 

Fort  Keogh 

Fort  Logan 

Fort  Maginnis . 
Fort  Missoula  . 

Fort  Shaw 

Glen  dive 

Powder  River  . 

Sheldon 

Virginia  City,. 


Nebraska. 

Alliance 

Ansley 


Observeis. 


Dr.  J.  G.  Reaaer. 
H.  J.  Waters. 
Rev.Fr.  Paul, S.J. 
C.  F.  A.  Day. 
A.  Reinisch. 
Prof.T.  Berry  Smith. 
William  Muir. 
W.  W.  Vermillion. 
C.W.Pritchett. 
£.  R.  Graham. 
A.  J.  Sharps. 
W.  H.  Delano. 
U.  S.  post  snrgeon. 
S.  J.  Spnrgeon. 
F.D.Chnbbeck. 
Charles  Patterson. 
J.  S.  Slaven. 
J.  L.  Joslyn. 
Dr.  J.  F.  Llewellyn. 
Robert  Ruxton. 
Judge  J.  J.  Ferril. 
G.  W.  Hawkins. 
Max  Eimbe«k. 
Henry  Brulhl. 
Mrs.  Wm.  Kanoher. 
B.C.  Y.Brown. 
Dr.  Wm.  Hirons. 
Dr.  J.  R.  Modd. 
L.  C.  Saeger. 
Mrs.  G.  A.  Weber. 
Prof.  F.  E.  Nipher. 
Waterworks. 
R.  Van  Buskirk. 
C.  G.  Taylor. 
J.  S.  Chandler. 
E.F.Copp. 
E.  A.  Pinnell. 
LA.  Ward. 
Prof.  G.  L.  Osborne. 
J.  H.  Frick. 
William  Hughes. 
J.  R.  Dudley. 


U.  S.  post  snrgeon. 

Do. 

Do. 

Do. 
William  Gaddis. 
U.  S.  post  snrgeon. 

Do. 

Do. 
J.  H.  Ray. 
J.  M.  Graham. 
Mrs.  S.  E.  Sheldon. 
Eugene  Stark. 


T.  D.  Shnrtss. 
Peter  Fowlie. 
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Stations. 


Nebraeka^Con  Vd» 


Ashland 

Bingham 

Blown  viUe , 

CreSghton 

Crete  (1) 

Colbertson 

David  City 

DeSoto 

Fairbary 

Falls  City 

Fort  Niobrara . . 
Fort  Robinson... 

Fort  ttidney 

Franklin , 

Fremont 

uenoa . ...... ..«, 

Gering 

Grand  Island 

Hay  Springs 

Howe 

Kennedy 

Kimball 

Lexington 

Llnoom 

Marqnette 

Minden 

Nebraska  City . . 

North  Loup , 

Oakdale 

Omaha  Barracks. 

Palmer 

Ravenna 

Red  Willow 

Sargent.  ...... . . 

Stratton 

Syracuse 

Tecomseh 

Weeping  Water . 

West  Hill 

Weston 

West  Point 


Nevada, 

Austin 

Battle  Monntain. 

Belmont 

Beowawe 

Browns 

Burner's  Ranch.. 
Candelaria  ..?... 

Carlin 

Carson  City  (2).. 
Crane's  Ranch ... 

Dayton 

Downey  ville 

£1  Dorado  Cation 

Elko(l) 

Elko  (2) 

Ely 

JuiureKa ...... •■•• 


Observers. 


George  Shedd. 
W.  C.  Wood. 
G.  D.  Carrington. 
E.  F.  Irwin. 
Dr.  Geo.  Roberte. 
G.  I.  Gilbert. 
Mrs.L.A.Wibley. 
E.B.Taylor. 
Charles  Seltz. 
Dr.  I.  Humphrey. 
Robert  Clegg. 
U.  S.  post  surgeon. 

Do. 

Do. 
W.  A.  Harshbarger. 
J.  E.  Heaton. 
G.  S.  Truman. 
J.  P.  Finley. 
J.  B.  Moore. 
Wm.  Waterman. 
G.  D.  Carrin^on. 
Mrs.  M.  G.  Erickson. 

D.  Henderson. 
J.  M.  Tipton. 
University  of  Nebr. 
J.  Pinkerton. 

Joel  Hull. 

J.  B.  Parroslee. 

E.  W.  Black. 
G.  S.  Clingman. 
U.  S.  post  hospital. 
C.  Shieldstream. 
E.  Smith. 

Mrs.  R.  Buck. 
J.  S.  Spooner. 
J.  B.  Slime. 
P.  W.  Risser. 
W.  L.  Dunlap. 
G.  Treat. 
J.  L.  Truman. 
J.  R.  Campbell. 
E.  G.  Bruner. 


Miss  Bessie  Taylor. 
Pac.  Rwy.  system. 
John  Reynolds. 
Pac.  Rwy.  system. 

Do. 
Prof.  J.  F.  Burner. 
W.  H.  Shookley. 
Pac.  Rwy.  system. 
C.  W.  Friend. 
W.  T.  Crane. 
Prof.  R.  Lewers. 
Dutton  Fowler. 
P.  W.  Davis. 
Pac.  Rwy.  system. 
C.  H.  Spronlo. 
J.  F.  Cupid. 
M.  M.  Ley. 


Stations. 


Kwada — Confd. 


Fenelon , 

Ferguson's  Ranch . 
Fort  McDermitt .. 
uenoa. ...... ...... 

Golconda 

Halleck 

Hawthorne  (1)  ... 
Hawthorne  (2) 

Hot  Springs 

Humboldt 


Lower's  Ranch 

Mill  City 

Montello 


Obeemren. 


i 


Palisade 

Pioche  

Punch  Bowl 

Reno(l) 

Reno  (2) i 

Ruby  Hill 

St.  Clair 

Sodaville 

Tecoma 

Toana 

Tnsoarora 

Verdi 

Virginia  City 

Wadsworth 

Wellington 

Wells 

Winnemnooa  (2) . .. 

New  HampBkin, 

Antrim ........ 

Belmont 

Bristol 

Lake  Village  ... 
Weir's  Bridge.., 
Wolf  borough... 

Berlin  Falls 

Berlin  Mills 

Chesterfield 

Concord 

Hanover(l) .  ....... 

Hanover  (2) 


Manchester  ( 1 )  . . . , 
Manchester  (2}  . . . . 
Mine  Falls 


Nashua 

Newton 

North  Con  way 

North  Sutton 

Pennichuck  Station 


Plymouth 

Shaker  Vi  Uage  • . . . 


Pac.  Rwy.  system. 
J.  W.  Ferffuson. 
U.  S.  post  no^ital. 
G.  W.  Dnngan. 
Pac.  Rwy.  system. 

Do. 
George  Garrison. 
Pao.  Kwy.  system. 
Miss  L.  Merrill. 
Pac.  Rwy.  system. 
Samuel  H.  Kitto. 
Pao.  Rwy.  system. 
Kate  Lowers. 
J.  A.  Ferraro. 
Pac.  Rwy.  system. 
J.  L.  Fast. 
Pac.  Rwy.  system. 
N.  P.  Dooley. 
J.  G.  MoMonnigaL 
Pae.  Rwy.  system. 
W.  6.  Devol. 
Prof.  W.  M.  Miller. 
W.  B.  Lawler. 
L.  Allen. 
T.  F.  Keay. 
Pac.  Rwy.  system 

Do. 
Prof.  M.  D.  Bowen. 
C.  R.  Carter. 
Mark  Averill. 
Pac.  Rwy.  system. 
A.  C.  Pratt. 
Pac.  Rwy.  system. 

Do. 


F.  W.  Palmer. 

LakeWinnipiseogee 
Cotton  and  Woolen 
Mannfiictnring  Co. 

O.  F.  Cole. 

2.  A.  Bridges, 
iss  A.  E.  Pierce. 

W.  L.  Foster. 

Prof.  E.  B.  Frost. 

New  Hampshire  Ex- 
periment StatJoD. 

S.  D.  Loid. 

W.  Little. 

Nashua  Mannfte- 
taring  Company. 

Charles  H.  W«bster. 

W,  C.  Gale. 

J.  L.  Binford. 

C.  E.  Hosroer. 

Pennichuck  Water- 
works. 

H.  M.  Clark. 

N.  A.  Brig^ 
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LiBT  OF  VoLUiTTARY  Obsertbbs,  Post  Surgeoms,  iSTC.--Continned. 


Stations. 

Observers. 

Stations. 

Observers. 

Nmo  Hamp$kire^ 
Continued. 

Stratford 

N.B.  Waters. 
£.  A.  Knowlton. 
A.  A.  Higgins. 

H.  Allaire. 
Rudolph  Ross. 
Prof.  C.F.Richard- 
son. 
J.  H.  Preston. 

H.  A.  Jordan. 
Dr.  F.  Leaming. 
H.  Y.  Postma. 
Miss  A.  8.  Yard. 
R.  N.  Cornish. 
M.  M.  Cook. 
E.W.  McGann. 
J.  M.  DciJrymple. 
Dr.  F.C.Price. 
Wriffht  Babcock. 
Dr.  G.  H.  Larrison. 
G.W.  Hockenbnry. 
John  H.  Eadie. 
T.  J.  Beans. 
F.  W.  Ricord. 
P.  V.  Spader. 
Dr.G.  H.  Cook. 
Prof.  A.  Scott. 
W.  Lake. 
Rev.  S.  W.  Knipe. 
A.B.Wigsin. 
Dr.  M.  8.  Simpson. 
X.  Keeo. 
8.  Haines. 
J.  Fleming. 
A.  C.  Lindsley. 
Dr.  W.  J.  Chandler. 
A.  D.  Atwood. 
J.  P.  Haines. 
£.  R.  Cook. 
F.  L.  Dunbar. 
George  Fleming. 
W.T.Wilson. 

8.  M.  Rowe. 
W.  P.  Mitcalf. 
R.  Haberland. 
W.  C.  Scott. 
Mrs.  E.  Brown. 
Pac.  Rwy.  system. 
P.  Jaramillo. 
C.  L.  Pollard. 
U.  8.  post  surgeon. 

Do. 

Do. 

Do. 

Do. 

Do. 

New  Mexico— Cont^d, 

Gallinas  Springs. . . 

Crood  Hope 

Hillsborough 

Jaquez 

.7.  E.  Whitniore. 

Walpole 

£.  C.  Sterling. 
J.  £.  Smith. 
H.  Jaques. 
R.  Marmon. 

West  Milan 

New  Jeracjf. 
Allaire :. 

Lairuna  ........... 

La  Polvadera  Tract 
Las  Vegas. ........ 

F.C.Peren. 
F.W.Chatfleld. 

Asbnrr  Park 

Beverley 

LiordsborflT. ........ 

Pac.  Rwy.  system. 
Richard  Pohl. 

Los  Lunas. ........ 

Billingsport  Light- 

Honse. 
Bridseton  ...... .. . 

Magdalena  , 

Monero ............ 

J.  Johnson. 
J.  Bowie. 

Nogal 

Poiuaoue.... ...... 

J.  M.  Vega. 
John  Boqnet. 
R.  H.  Hills. 
J.  P.  Ross. 
A.  A.  Shaw. 

Cape  May  C.  H 

Egg  Harbor  City... 
Freehold 

Red  Cafion 

Rio  Hondo 

San  Marcial 

San  Marcial  (near) . 

San  Pedro 

Taos 

Gillette 

Hanover 

Highland  Park.... 

Hopewell 

Imlaystown 

Jersey  City 

LambertYiIle 

Locktown 

N.  M.  Meridian. 
V.  Schick. 
W.  Adair. 

TrcsPiedras 

Wallace 

New  Torh, 

Alfred  Centre 

Angelica 

Arcade  ............ 

E.  C.  Sterling. 
J.  L.  Morris. 

Madison 

F.  8.  Place. 

Moorestown 

Newark 

J.  P.  Slocnm. 
Homer  W.  C  lough. 
R.  B.  Arden. 
George  Casey. 
W.  C.  Tawdrey. 
Thomas  Manning. 
Prof.W.C.Peckham. 

New  Brunswick  ( 1) . 
New  Brunswick  (2) 
New  Brunswick  (3 ) . 

Ocean  City 

Oceanie ,.-.,, 

Ardenia  

Auburn 

Barnes'  Comers  . . . 
Boyd's  Comers  .... 
Broolclyn  ... ...... 

Pateraon •. 

Canton ............ 

Prof.  Henry  Priest. 
Thomas  Manning. 
K.  Sanford  Miller. 

Plainfield 

Camiel 

Constableville 

Cooperstown 

David's  Island 

Eden  Centre 

Elroira 

Princeton 

Rancocas 

G.  Pomeroy  Keese. 
U.  8.  post  surgeon. 
W,  P.  Hunt. 
Gerity  Brothers. 
T.  P.  Yates. 

Readinston 

Somenrllle 

South  Orange 

Tenafly  

Factory  ville 

fleming 

Tom's  River 

Robert  Warwick. 

Trenton 

Union ....... ...... 

Fort  Columbus 

Fort  Hamilton 

Fort  Niagara 

Fort  Porter 

Furt  Schuyler 

Fort  Wads  worth . . . 

Friendship 

Geneva  

U.  S.  post  surgeon. 
Do. 

Valley 

Do. 

Woodbury 

New  Mexico, 

Albuquerque 

Antelope  Spring.. . 
Cabezon 

Do. 

Do. 

Do. 
Jesse  D.  Rogers. 
Mrs.  N.  S.  Yates. 

Hess  Road  Station. 
Uoney  meadbrook . . 

Humphrey 

Ilion 

C.  H.  Spanlding 
James  Hvatt. 

Cafion  de  Chama. . . 
Coolidire 

Cha^E.  Whitney. 
G.  A.  Trowbridge. 
Engineering  depart- 
ment. Cornell  Uni. 

DeminiF . ...... .... 

Ithaca 

EIRito 

Kingston 

Embudo 

versity. 
Henry  A.  Stone. 
Prof.   F.    M.   Com- 

Fort  Bayard 

Fort  Marcy 

FortSeldon 

Fort  Stanton  (1)... 
Fort  Union 

Le  Rov 

LowviUe  .......... 

W.  H.  Stephens. 
Dr.  M.  A.  V  eeder. 

Lyons 

FdrtWingate 

Madison  Barracks. . 

U.  S.  post  surgeon. 
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List  of  Voluntart  Obseryisrs,  Post  Surgibons,  xtc.— dontiiiiied. 


Stations. 

Obserreto* 

Stations. 

Obsenren. 

New  Forfc— Cont'd. 

Middleburgh 

Monnt  Morris 

Newfane 

New  York  (Central 

Park). 
Nineveh 

F.X.Straab. 
J.  E.  White. 
F.  B.  Clark. 
Prot  D.  Draper. 

W.J.Bamett. 

C.  A.  Wooster. 
Charles  Fenton. 
£.B.Bartlett. 
L.  D.  Cnmmings. 
William  D.  LoveU. 
W.H.Jeffers. 

U.  S.  post  surgeon. 

Peter  Vilas  and  G. 

W.  F.  Smith. 
De  Witt  C.Jenkins. 
Dr.  H.  C.  Sutton. 
William  W.  Hance. 
James  P.  Mills. 
Dr.  M.  S.  Collier. 
Selah  B.  Strong. 
J.  W.  Thurber. 
James  E.  Wilson. 
T.  Manning. 

D.  C.  Sharne. 
Dr.  H.  M.  Wilson. 
R.  T.  Church. 
Thomas  Birt. 

U.  S.  post  surgeon. 
0.  F.  Corwin. 
U.  S.  post  surgeon. 
Prof.  O.  R.  Willis. 
U.  S.  post  snrgeon. 

Dr.  Karl  von  Ruck. 
Prof.  J.  W.  Gore. 
M.  E.  Mears. 
H.  C.  Dunn. 
H.  R.  Home. 
Lee  Crawford. 
F.  H.  Dover. 
Dr.  F.  G.  Harbison. 
Dr.  W.  F.  Ross. 
Dr.  R.  L.  Beall. 
D.  C.  Anderaon. 
Dr.  P.  S.  Murphy. 
Jos.  W.  Ash  by. 
H.  L.  T.  Ludwig. 
Prof.  A.  Mclver. 
T.  C.  Harris. 
Jno.  A.  Hedrick. 
K.  D.  Luneford. 
H.  L.  Kirarey. 
H.  W.  Lloyd. 
W.  A.  Eliason. 
Prof.E.G.  Beokwi  th. 
Jas.  M.  Gallagher. 
T.  A.  Clark. 
J.  C.  WUliama. 

North  Dakota. 

Carrington 

Davenport 

Furt  A.  Lincoln 

FortBuford(l).... 

Fort  Pembina 

FonTotten 

Fort  Yates  (1) 

Gallatin 

Napoleon 

New  England  City. 
Steele...... ....... 

H.  M.  Dnrbrow. 

J.  W.  Leeob. 

U.  S.  post  snrgeon. 

Do. 

Do. 

Do. 

North  Hammond  .. 

Number  Four 

Palermo 

Palmyra 

Pendleton  Centre.. 

•Do. 
S.  J.  Pound. 
J.  H.  Hoof. 

E.  S.  Clongh. 

F.  R.  HilL 

Perry  City 

Plattsbnrgh     Bar- 
racks. 
Potsdam 

Wahpeton 

C.  J.  Craft. 

Ohio. 
Akron w  .........*. 

Bnchtel  College. 
Dr.  P.  H.  Clark. 
Prof.  A.  D.  MorriU. 
S.  M.  Painter. 

Qneensbnry 

Rome 

Ashland 

Athens 

Bangorville 

Beallsville 

Salem 

Prof.  D.  McVav. 

Saranac  Lake 

Bellevne 

W.E.  Sheffield. 

Savona 

Bement 

Canton ............ 

P.  W.  Burton. 

Setauket 

C.  F.  Stokey. 
Peter  M.  Herold. 

Somernot 

Carrollton 

South  Canisteo . 

Cellna 

Prof.  W.  F.  McDan- 

8.  E.  Reservoir 

South  Kortright... 

TannersviUe 

Turin 

Circleville 

Clarksville 

Cleveland  (1) 

College  Hill 

Collinwood 

Columbus  Barracks 
Davton 

iel. 
H.  Renlck. 
£.  T.  M.  Williams. 
G.  A.  Hyde. 
Jno.  W.  Hammitt. 

Utica  ............. 

Watervliet  Arsenal 

Wedgwood 

West  Point 

William  Smeed. 
U.  S.  post  snrseon. 
Mrs.  £.  E.  L.  Boyer. 
B.  R.  Ault. 

White  Plains 

Demos  ......  ...... 

Willots  Point 

Ellsworth 

n.  A.  Allen. 

Elyria 

C.  W.Goodspeed. 
Prof.  A.  C.  Redding. 
Geoiige  M.  Fink. 
S.  M.  LiUther. 

North  Carolina, 

Findlay 

Fostoria 

Asheville .......... 

Garrettsville 

Georgetown 

Granville 

Chapel  Hill 

Clarkton 

Dr.T.W.  Gordon. 
J.Sanfoi^. 

Clear  Creek . . 

Gratiot. ........... 

W.  B.  Longstretb. 
C.  G.  Katzenberger. 
James  Bnll. 

Fayetteville 

Franklin .... ...... 

Greenville 

Hanging  Rook 

Hiram 

Grover  ............ 

Prof.G.H.Colton. 

Highlands 

Hot  Springs 

Lenoir  ...... .. 

Hudson  ...... .... . 

Prof.  N.  B.  Hobart. 

Jaoksonborough .. . 
Jefferson 

Dr.  J.  B.  Owsley. 
Judge  E.C.  Wade. 
P.  W.  Eigner. 
L.  J.  Demarest. 

Monroe  ........... 

Kent 

Morganton 

Monnt  Airy 

Monnt  Pleasant  . . . 
Pittsborongh  .  a  . . . 

Raleigh 

Salisbarv 

Kenton ...... ...... 

Leipsio 

Logan  

Lordstown 

McConnelsville .... 

Marietta  (2) 

Nanoleon .......... 

J.  D.  Hadermano. 
Dr.  James  Little. 
W.  S.  Dean. 
C.  H.  Morris. 
Prof.  T.  D.  Briseoe. 

Smithfield 

Dr.  T.  C.  Hnnter. 

Soapstone  Mount'n. 

Southern  Pines 

SUtesville 

Wake  Forest 

Washington 

Weldon 

Winalow  •...* 

N^ew  Alexandria .. . 

New  Athens 

New  Comerstown . . 
North  Lewisbnrgh. 
Oberlin 

Jos.  A.  Hook. 
Jos.  Holmes. 
Dr.  A.  M.  Beers. 
H.  D.  Gowey. 
Ptof.F.  F.Jewett 

Ohio  State  UniVty . 
Orangeyllle 

W.  H.  Baker. 
E.  U.  Hyde. 
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Lz8T  OF  VOLUMTART  Observkrs,  Post  Surobons,  BTC.--Continued. 


Stations. 

Observers. 

Stations. 

Observers. 

OAlo— Continned. 
Ottawa 

1 
1 

1 

L.  E.  Holtz. 
Charles  Stewart. 
Dr.  D.  N.  Allard. 
Dr.  D.  B.  Cotton. 
.1.  VV.  Manning.           i 
John  Both. 
Peter  Bowman. 
Ed.  Pence. 
Mrs.  Buth  Ellis. 
Bev.    T.  H.    Sone-  . 

decker. 
Dr.  A.  Billhardt. 
M.D.  McCorkle. 
Prof.  C.W.  WiUiam- 

son. 
Thomas  Mikesell. 
David  Lorbaoh. 

E.  B.  Miohener. 
Prof.  Jno.  Haywood. 
Lnke  S.  Motte. 

Dr.  F.  Young. 
Dr. O.N. Stoddard.    ; 
Miss  Eliza  G.  Bice.    ■ 
A.  G.  Frost. 

John  BriggB. 
Pac.  Bwy.  system. 

F.  L.  Carter. 
George  Bennett. 
Thomas  L.  Arnold. 
Lieut.  E.  Burr. 
State    Agricultural 

College. 
M.  V/.  Close. 
Dr.  George  Wigg. 
Thomas  Pierce. 
U.  S.  post  surgeon. 
J.  S.  Gray. 
Dr.  Jno.  G.  Jessnp. 
Arthur  Smith. 
Dr.  E.J.Thomas. 
Peter  Britt. 
J.  K.  Bomig. 
W.H.Colwell. 
Capt.  Wyatt  Harris. 
Bev.  Fr.  Barnabas 

Held. 
Jno.  McDonald. 
Pac.  Bwy.  system. 
Samuel  L.  Brooks. 
A.  P.  Wilson. 

G.W.DaUas. 

1 

1 

U.  S.  post  surgeon. 
Charles  B.  Dudley. 
Prof.G. W.Bowman,  i 

PtfiMMylvonio— Con- 
tinued. 

t 

Aaueduct 

D.  M.  SheUey. 
Lerch  and  Bice. 

Poland 

Bethlehem 

Blooming  Grove . . . 

Blue  Knob 

Cannonsbur^h  ..  .. 
Carlisle 

Pomerov  ..-.- 

John  Grathwohl. 

Portsmouth 

Sallneville 

Shanesville 

A.  H.  Boyle. 
A.  L.  Bunyon. 
J.  E.  Pague. 
Robert  M.  Graham. 

Shiloh 

Catawissa . ...... . . 

Sidney  ............ 

Chambersburgh  . . . 

Charlesville 

Clarion  (State  Nor- 
mal School). 

Coatesville 

Corrv -. 

Miss  M.  A.  Bicker. 

Springborough 

TiflBn 

Upper  Sandusky.. . 
Vienna ............ 

Miss  E.  A.  G.  Apple. 
Prof.  CM.  Thomas. 

W.  F.  Gordon. 
William  Loveland. 

Wapakoneta 

Wauseon 

Coudersport 

Doylestown 

Drifton    

C.  L.  Peck. 
T.  H.  Walton. 
H.  D.  Miller. 

Waverly 

D  vberrv 

Theodore  Day. 
E.  S.  Chase. 
Dr.  J.  W.  Moore. 

Waynesville 

Westerville 

Eagle's  More 

Easton 

West  Milton 

Weymouth 

Wooster 

Edinboron^h 

Emporium 

Forksof  Neshaminy 
Frank  ford  Arsenal. 
Franklin 

C.  F.  Sweet. 
T.  B.  Lloyd. 
J.  C.  Hilsman. 

Yellow  Springs .... 
Youngstown 

Oregon, 

Albany 

U.  S.  post  surgeon. 
Joseph  Bell. 
G.  W.  Wood. 
Thomas  Meehan. 
E.  C.  Wagner. 
Nathan  Moore. 

Frederick 

German  town 

Girard  vIUp 

Grampian  Hills 

Greenville 

HoUidaybburgh .... 
Honesdale 

Ashland  (I) 

Ashland  (2) 

Bandon 

Prof.  S.  H.  Miller. 
Prof.  J.  A.  Stewart. 
John  Torre  V. 

Beulah 

Huntingdon 

Indiana 

Prof.  W.J.  Swigart. 
Profl  8.  C.  Sohmn- 

Cascade  Locks  .... 

Corvallls .......... 

Johnstown 

Kennett  Square 

Lancaster ......... 

macker. 

Creswell 

East  Portland 

£.  C.  Lorentz. 
Benjamin  P.  Kirk. 
E.E.Weller. 

Eola 

Lansdale ...... 

H.  L.  Shnll. 

Fort  Klamath 

Gardiner   ..... .... 

Le  Boy 

Lock  Haven 

McConnellsburgh . . 
Meadville 

G.  W.  T.  Warburton 
Prof.  J.  A.  Robb. 

Grant's  Pass 

Hennner  .......... 

Thomas  F.  Sloan. 
David  Logan. 
Stephen  S.  Jenkins. 
W.  H.  Kline. 
Frank  Mortimer. 
W.  T.  Butz. 
John  8.  Gibson. 

Hood  Biver 

Jacksonville 

La  Grande 

Lone  Bock 

McMionville 

Meshoppen 

Myerstown 

New  Bloomfield 

New  Castle 

Nesbit 

Mount  Angel 

St.  Helens 

Siskiyou 

Ottsville 

C.  F.  Heavener. 

Petersbnrgh 

Philipsburgh 

Pleasant  Mount ... 

Point  Pleasant 

Pottstown 

Qnakertown 

Beading .-... 

J.  E.  Rooney. 
G.  F.  Dunkle. 
John  H.  Brennan. 

The  Dalles 

Tillamook 

Vemonia 

R.C.  Stover. 
Charles  Moore. 
J.  L.  Heacook. 
C.  M.  Deohant. 

Penn$ylvaMia. 

Allegheny  Arsenal. 
Altoona 

Bimersburgh 

Salem  Comers 

Seisholtzville 

Selin's  Grove 

Rev.  W.  W.  Deat- 

rick. 
Dr.  T.  B.  Orchard. 
J.  A.  Roth. 

Annville 

J.  M.  Boyer. 
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Stations. 

Observers. 

Stations. 

Observen. 

Pmii$iflvaiiia — Con- 
tinned. 

Smethport 

Armstrong    and 

Brownell. 
George  Lowder. 
W.Bl.  Schrook. 

B.  M.  Hall. 
Agrionltural      Ex- 
periment Station. 

Prof.  Susan  J.  Cun- 
ningham. 

R.  L.  Haslet. 

Miss  Cora  J.  Wilson. 

M.  Gustin. 

R.  J.  Mickey. 

William  Hunt. 

H.  D.  Deming. 

Dr.  Jesse  C.  Green. 

Prof.  W.F.  Wicker- 
sham. 

A.  W.  Batterly. 

Charles  Beecher. 

Mrs.  L.  H.  Grene- 
wald. 

N.  G.  Herresboff. 
U.  8.  post  surgeon. 

C.  0.  Flagg. 
N.  Helme. 
G.  W.  Pratt. 
T.  Dunn. 

C.  H.  Cannon. 
J.H.Walker. 
City  engineer. 

D.  Hoyt. 
Water  works. 

Dr.  W.  H.  Geddings. 
W.  G.  Peterson. 
£.  L.  Woeltze. 
J.  F.  Bayerly. 
W.  S.  Lee. 
Prof.  M.  Whiting. 
M.  P.  Daggett. 
J.  W.  Earl. 
Colin  Macrae. 

E.  H.  Ault. 
H.  D.  Elliott. 
Miss  V.  L.  Dawson. 
Dr.  W.W.  Anderson. 
H.  L.  Moore. 

E.  Gillard. 
H.  G.  Reid. 
James  Pagan. 
J.  R.  Sohorb. 

W.  S.  Hill. 
John  J.  Angus. 

8o%ik  Ddtoto— Con- 
tinued. 

Brookinm ......... 

Profl  L.  MoLoath. 

Canton...... ...... 

Wm.M.Capp6tt 
W.  H.  Boals. 

Smith's  Comers .... 

Clark 

Somerset  .......... 

DeSmet 

Thomas  H.  Ruth. 

South  Eaton 

State  College 

Swarthmore 

Tionesta 

Fort  Bennett 

Fort  Meade. ..'..... 

Fort  Randall 

Fort  Sisseton 

Fort  Sully  (I) 

Garden  City 

Kimball 

U.  S.  post  surgeon. 

Do. 

Do. 

Do. 

Do. 
W.  C.  T.  NewelL 

Tioton 

A.  S.  StnvtfiP- 

Tiov 

Onida ............. 

Mrs.  M.  F.  Goddard. 

*  *"j 

Tnscarora ......... 

Parkston 

John  J.  Swarts. 

Uniontown .... .... 

Rosooe  ............ 

C.  H.  Spencer. 
J.  H.  Warren. 

Wellsborough 

West  Chester 

Westtown ......... 

Soearfish , 

Spring  Lake 

Webster 

A.  Gould. 
Arthur  Betts. 

Wolsev - 

G.  W.  Frink. 

Wilkes-Barre 

Wvsox 

Woonsocket 

Andersonville . 

Ash  wood 

L.  0.  Llbbey. 

York 

Bhode  Island. 

J.  K.  P.  Wallaoe. 
Rev.  C.  F.  Williams. 

Bristol 

Austin  ............ 

P.  B.  Calhoun. 

Fort  Adams ....... 

Bolivar  ........... 

H.  C.  Calahan. 

Kingston  (1) 

Klngston'(2) 

Lonsdale .......... 

Clarksville 

CoffHill 

Prof.  Jas.  A.  Lyon. 
Dr.  A.  Slack. 

Covinirton 

James  I.  HaU. 

NewDort  .......... 

Cumberland  Gap. . . 
Dnnlan  ........... 

Alex.  A.  Arthnr. 

Olneyyille 

Pawtucket 

Providence  (1) 

Providence  C^) 

Woonsocket 

Lewis  Boynton. 
J.  C.  Diemer. 
C.F.Vanderfind. 
Robert  Foster. 

Fayetteville 

Florence  Station... 
Fostoria ........... 

Greenville.. 

Grief 

W.H.  Brown. 
Miss  Belle  BalMt 

8owlh  Carolina. 

Hohenwald 

Jacksboro  

R.  Downey. 
W.  C.  HalL 

Aiken ............. 

Kinflfston ...... .... 

H.  M.  Young. 
W.  J.  Tnman. 

Belmont  ...... ..•• 

Kingston  Springs.. 
Lawrencebnrgh  ... 
Leeville ...... ..... 

Brewer  Mine 

Cedar  Springs 

Clinton  ........... 

J.  A.  Langhiin. 
Dr.  Jos.  £.  Rogen. 
A.  B.  Ewing. 
G.  S.  Porter. 
J.  H.  Burrow. 

Lewisburgh 

Lookout  Mountain. 

Lynnville 

McKenzie ......... 

Columbia  (1) 

Conwav ........... 

Evergreen 

Kirk  wood 

C.  Hawkins. 

McMinn  ville 

Milan  02) 

J.P.Clark. 

Dewberry 

Port  Royal 

Simpson  ville 

Statesburgh* 

Timmonsville 

Trial 

Pr.  M.  D.  L.  Jo'iilsn. 

Nunnellv .......... 

W.C.Thompson. 
J.  C.  Williamson. 

Parksville 

Riddleton 

F.  K.  Fergusson. 
S.M.MiUeraJl.D. 
Dr.  W.  F.  G.  Wilson. 

Rogersville 

Ruffbv  ............ 

Walhalla 

Savannah ......... 

H.  R.  Hinkle. 

Winnsborongh 

Yorkville 

Springdale 

Trenton  .^......•.. 

W.J.  Breeding. 
A.  S.  Cnrrey. 
E.  S.  Jones. 
W.  E.  Watkins. 

South  Dakota. 

Tnllahoma 

Watkins 

Alexandria 

Armour 

Waynesboro  ugh . . . 
Woodstock 

Dr.  C.  Buchanan. 
C.  W.  Graves. 
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List  of  Voluntaiiy  Obsertbbs,  Post  Subokons,  bto.— Continued. 


Stations. 

Observers. 

Stations. 

• 

Observers. 

Aastina) 

Oscar  Samosts. 
Dr.  Q.  C.  Smith. 

D.  Richardson. 
W.H.  Potter. 

Do. 
H.  Stevens. 
J.  G.  Sloan. 
J.  T.  Mayo. 
Wm.  M.  Spittler. 
U.  S.  post  surgeon. 

Do. 

J.  P.  Berry. 
P.  J.  Norwood. 
J.  W.  O'Brian. 
Duncan  Adriance. 
F.  R.  Blount. 
W.  H.  Hamilton. 
H.D.Donald. 
A.  Blum. 
J.  C.  Edgar. 
Horatio  Graves. 
J.  N.  Morris. 
U.  S.  post  surgeon. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
J.  G.  Mallette. 
A.  Striegler. 
D.F.Ragsdale. 
Lum  Woodruff. 
A.  B.  Gant. 
C.  F.  Conklin. 
Jos.  Cottam. 
CM.  Ramsdell. 
Louis  Runge. 
J.  L.  Vaughan. 
S.  G.  Lackey. 
Paul  Wipprecht. 
C.  Runge. 
James  L.  Gray. 

E.  H.  Snider. 

C.  H.  Merriman. 
W.  Weiss. 
U.  S.  post  surgeon. 
C.  M.  Tilford^ 
A.  C.  Wilmeth. 
W.  G.  Jones. 

Bell  Telephone  Co. 
Rev.  J.  D.  Gillilan. 
Bell  Telephone  Co. 
Pac.  Rwy.  system. 
Do. 

I7toA— Continued. 

Fort  Douglas 

FortDuChesneCl). 
Kelton 

U.  S.  post  surgeon. 
Do. 

Austin  (2) 

Baird 

Pac.  Rwy.  system. 
A.  B.  Larson. 
E.  Caffall. 

Bear  Creek 

Bradv.... 

Levan  

Losee  ............. 

Brazoria  ...-. 

Moab 

Henry  Crouse. 
Robert  Moncre. 
Hans  C.  Davidson. 
W.  R.  May. 
Pac.  Rwy.  system. 
Bell  Telephone  Co. 
Do. 

Brenham 

Brownwood 

Burnett 

Mount  Carmel 

Mount  Pleasant  ... 
Nephi 

Camp  Eagle  Pass . . 
Camp   Pefia  Colo- 
rado. 

Ogden(l) ,.. 

Offden  (2) 

Park  City 

Cedar  Hill 

Clehume 

Promontory 

Pro vo ............. 

Richfield 

Pac.  Rwy.  system. 
Bell  Telephone  Co. 
Neils  Anderson.  ' 

Coldwater 

College  Station 

Colorado 

St.  George 

Stockton 

Seth  A.  Pymm. 
Bell  Telephone  Co. 
Pac.  Rwy.  system. 

Corsicana 

Terrace  ...... ..... 

Decatur 

Vemumi, 

Brattleboro  (1) 

Brattleboro  (2).... 

Burlington 

Chelsea 

Durham  .••••• ....  - 

Duval 

Epworth 

W.  H.  Childs. 

Foresthnrgh 

Fort  Bliss 

Fort  Brown 

H.  B.  Cbsmberhiin. 
W.  B.  Gates. 
H.  L.  Bixby. 

v*.  H.  Lane. 

Fort  Clark 

Cornwall 

Fort  Concho 

Coventry 

W.  H.  Tibbetts. 

Fort  Davis 

FortEUiottn).... 

Fort  Hancock 

Fort  Mcintosh 

Fort  Ringgold 

Fort  Worth 

Fredericksbnrgh  .. 
Gainesville 

East  Berkshire 

Hartland 

H.  B.  Levering. 
Rev.  A.  Hazen. 

Jacksonville 

Lunenburgh 

Manchester 

St.  Johnsbury 

Sazton's  River 

Strafford 

J.  W.  Hatch. 
Dr.  H.  A.  Cutting. 
Rev.  E.  P.  Wild. 
F.  Fairbanks. 
W.  T.  Paine. 
H.  F.  J.  Soribner. 

Gallinas  Springs. . . 

Graham 

Hartley 

La  Grange 

Lampasas 

Menard  ville 

Merkel 

Vernon 

A.  Whithead. 

Virginia. 

Alum  Springs 

Bird's  Nest 

Bolar 

Prof.  F.  H.  Camp- 
bell. 
C  R.  Moore 

Mesquite 

George  F.  Eakle. 
H.  D.  Walters. 
L.  J.  Heatwole 

New  Brannfels 

New  Ulm 

Chri^tiaiisburgh .. . 
Dale  Enterprise  .. . 

Fort  Monroe 

Fort  M ver 

Panhandle 

Panter 

U.  S.  post  surgeon. 
Do. 

Pecos  City 

Round  Rock 

San  Antonio  (1)  ... 

Silver  Falls 

Snyder ......  ••.... 

Lexington 

Marion 

Middletown 

Moesingford 

Nottoway  C.H 

Petershurgh 

Richmond 

Prof.  H.  D.  Camp- 
bell. 
A.  T.  Lincoln. 
A.  G.  Prior. 
R.  V.  Gaines 

Temple 

Utah. 

George  Dunn. 
James  M.  Colson,  Jr. 
W.  H.  Pleasants. 

Alta 

Sniithfield 

Spottsville 

Summit ........... 

J.  A.  Purdee. 
B  W  Jones 

Beaver 

John  R.  Sim. 

Bingham 

University  of  Vir- 
ginia. 
WytheviUe 

JftmeA  W^eftnnnnl:!! 

Blue  Creek 

Corinne 

Howard  Shriver. 
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stations. 

Obseiveia. 

Stations. 

Observen. 

Wiuhhigton. 
Blakelev      .   _ . .  -  - 

R.  M.  Hoskinson. 
U.  S.  post  snrgeon. 

Do. 

Do. 

Do. 

Do. 
Mrs.  C.  B.Carpenter. 

R.  T.Lowndes. 
Henry  Kesseger. 
J.  E.  Mnrdock. 
T.  G.  Field. 
Dauiel  Titchenell. 
I.  J.  Parsons  and  F. 

F.  Prickett. 
M.J.Conifr. 
J.N.  Sharer. 
G.H.  Trembly. 
F.  M.  Swann. 

B.C.  Curtis. 
(George  L.  Collie. 
J,  E.  Breed. 
J.  C.  Wedge. 
B.  H.  Meyer. 
J.  M.  Harrison. 

m«oon«ii»— Cont'd. 
Glasgow  .......... 

H.  M.  Crombie. 

FortCanby(2)  .... 

Fort  Spokane 

Fort  Townsend    . 

Grantsbnrgh 

Greenwood 

Hav  ward 

Dr.M.L.Robey. 
H.J.Tbomas. 
J.  M.  Custard. 

Fort  Vanconver  .. . 
Fort  Walla  Walla 

Honey  Creek 

Lincoln  ........... 

J.  A.  Mcintosh. 
A.  J.  Looze, 

VAAhnn  TnlATirl    

Madison. . ......... 

Washbume  Observ- 

West Virginia. 

Manitowoc 

•  Neillsville - 

atory. 
Miss  Johanna  Liips. 
William  Heaslett. 

Oshkosh  

Prof.W.  Mumper. 

Clarksbnrgh 

Ella    

Richland  Centre.. . 

Summit  Lake 

Viroqua 

Wauconsta 

Wansau 

Dr.  H.  M.  Ludwig. 
E.  S.  Koepenick. 

Kingwood 

Parkersburgh 

Pleasant  HiU     

F.  J.  Bold. 

G.  H.  Yapp. 
Heinemann  Bros. 

RiTesville   _  -  ..   . . 

Wauzeka. . ........ 

C.  Rice. 

Rowlesbnrgh 

Seven  Pines 

Tannery .-.-- 

Weston 

Wyoming. 

Camp  Pilot  Butte.. 

Fort  Bridger 

FortD.  A.  Russell.. 
Fort  Laramie  (2) .. 
Fort  McKinney  (1) . 

Fort  Sheridan 

Fort  Washakie  (1). 

Lnsk 

Wheatland 

U.  H.  Anderson. 

Tyler  Creek 

Wisconsin, 
Cadiz  ............. 

U.  S.  post  surgeon. 
Do. 
Do. 
Do. 

Delayan 

Do. 

Embarrass 

Fond  du  Lac 

Fredonia 

Friendship 

Do. 

Do. 
F.  S.  Lusk. 
M.  R.  Johnston. 
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APPENDIX    i6. 

DATES  OF  THE  FIRST  AND  LAST  KILLING  FROST  FOR  THE  SEASON ie&^'90, 
[Compiled  firom  reports  of  Signal  Service  and  volnntary  obeervera.] 


States  and  stations. 


Alabama : 

Anbarn 

Bermuda 

Citronelle 

Columbiana 

Double  Springs... 

Livingston 

Mobile 

Montgomery 

Valley  Head 

Wiggins 

Arizona : 

Ash  Springs 

Agua  Caliente .... 

Banghart's 

Crittenden 

Eagle  Pass 

Flagstaff 

Florence 

Fort  Bowie 

Fort  Apaohe 

Fort  Grant 

Fort  McDowell . . . 

Fort  Thomas 

Fort  Verde 

Globe  

Holbrook 

Lochiel 

Mount  Huacbuca. 

PhcBuix 

San  Carlos 

Signal 

Tombstone 

Tucson 

Whipple  Barracks . 

Wilcox 

Williams 

Winslow 

Yuma 

Arkansas : 

Forrest  City 

Fort  Smith 

Lead  Hill 

Little  Rock 

Winslow 

California : 

American  Hill 

Anderson 

Barstow 

Eureka 

Femdale 

Fresno 

Georgetown 

Hydesville 


First. 


Nov. 
Nov. 


29 
30 


Nov.  29 


Nov. 
Nov. 
Nov. 
Oct. 


29 

t^ 

29 

8 


Oct. 
Nov. 

■*■••• < 

Sept. 

Nov. 

Dec, 

Oct. 

Nov. 

Nov. 

Oct. 

Nov. 

Oct. 

Nov. 

Nov. 

Nov. 

Nov. 

Nov. 

Nov. 

Dec. 

Oct. 

Nov. 

Sept. 

Nov. 


12 
4 

28 

7 

30 

25 

2 

7 

30 

2 

31 

25 

3 

5 

2 

7 

r, 

29 
10 

6 
16 

6 


Oct. 
Oct. 
Nov. 
Nov. 

Dec. 
Nov. 
Nov. 
Dec. 


27 

7 

2rt 

13 

27 

15 

G 

12 


Dec. 
Dec. 

Sept. 


21 
13 
12 


Last. 

Mar. 

18 

Mar. 

17 

Mar. 

16 

Mar. 

17 

Mar. 

17 

Mar. 

17 

Mar. 

17 

Mar. 

17 

Mar. 

17 

Mar. 

17 

Feb. 

23 

Feb. 

2e 

Mar. 

15 

Mar. 

12 

Apr. 

2 

Apr. 

21 

Apr. 

2 

Feb. 

15 

Mar. 

13 

Mar. 

16 

Apr. 

21 

Mar. 

21 

Mar. 

14 

Feb. 

2^ 

Mar. 

13 

Mar. 

10 

Mar. 

•  •  •  • 

13 

Apr. 

21 

Apr. 

3 

"  1 

Jan. 

14 

Mar. 

6 

Mar. 

16 

Mar. 

16 

Mar. 

5 

Mar, 

«  •  «  • 

14 

Mar. 

11 

Jan. 

t^  ; 

Apr. 

14 

Mar.   31 
Apr.    14 


States  and  stations. 


11945-^ia 


*lTofrost  j.iit>r 
11 


California — Cont'd. 

Iowa  Hill 

Jolon 

Julian 

Keeler 

La  Grange 

Lewis  Valley 

Los  Angeles 

Los  Bancs 

Mendocino 

Mount  Hamilton.. 

Needles 

Pasadena 

Placerville 

Point  Reyes  Light. 

Red  Bluff 

Riverside 

Sacramento 

San  Diego 

San  Francisco 

8anta  Clara 

Santa  Maria 

Steele's 

Susanville 

Upper  Mattole 

Vacaville 

Walla  WallaCreek 

Walnut  Creek  . . . 

Wheatland 

Willow 

Colorado : 

Colorado  Springs 

Coulter 

Delta 

Denver 

Fort  Collins  .... 

Fruita 

Georgetown 

Grand  Lake 

Greeley 

Montrose 

Palmer  Lake 

Pike's  Peak 

Pueblo 

Rocky  Ford 

San  Luis  Valley  . 
Connecticut : 

Hartford 

Meriden 

New  Hartford  . . . 

New  Haven 

New  London 

Sonthington 

Voluntown 

to  January  1, 1800. 


First. 


Dec.  27 


Nov.  14 


Dec.  31 


Dec,  27 

Dec.  30 

Dec.  14 

Nov.  29 

Dec.  28 


Oct.  10 

Nov.  5 

Dec.  29 

Nov.  4 

Dec.  15 

Dec.  29 

Dec.  11 

Sept.  25 

Sept.  6 

Sept.  14 

Sept.  15 

Sept.  4 


Aug.  20 
Sept.  24 
Sept.  15 
Sept.  15 
Aug.  21 
Oct.  20 
Sept.  25 


Oct.    18 


Oct.  3 

Oct.  17 

Nov.  16 

Oct.  9 


Last. 


Mar.  11 
Jan.  26 
Feb.  27 
Mar.  27 
Feb.  28 
Jan.  20 
Jan.  20 
Feb.  22 
Mar.  11 
Apr.     9 


Feb.  28 

Mar.  31 

Jan.  7 

Feb.  28 

Mar.  10 

Feb.  27 

Jan.  15 

Jan.  7 


Jan.    15 
Apr.      1 


Feb.  27 
Apr.  22 
Feb.  27 
Feb.  28 
Mar.   11 

May    15 


Apr.  23 

May  15 

May  15 

May  13 

May  15 


May    13 
May    14 


Apr.  27 

Apr.  3 

June  7 

Apr.  19 

Apr.  19 

Apr.  25 

Apr.  19 

Apr.  19 

Apr.  26 

Apr.  29 
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States  and  stations. 


Delaware : 

Kirkwood 

District  of  Colam- 
bia: 

Washington  . . . . . 
Florida : 

Aroher 

Cedar  Keys 

Homeland 

Jacksonville 

Japiter 

Key  West 

Lake  City 

Madison 

Manatee 

Matanzas 

Micco  ...•• 

Kama  (Alva) 

Pensaoola 

Pine  Level 

Tallahassee 

Titusville 

Villa  City 

Georgia: 

Andereonville  ... 

Athens 

Atlanta .: 

Angnsta 

Camilla 

Diamond 

Dnck 

Fomyth 

Gillsville 

Hephzibah  ..••.. 

Marietta 

Milledgeviile  .... 

MiUen 

Monticello 

Perry 

Point  Peter 

Qnitman 

Savannah  

Thomasville 

Woolley'8  Ford  - . 
Idaho: 

Ariterican  Falls .. 

Beaver 

BoM  City 

Bonanza 

Eva 

Henry's  Lake 

Kootenai 

Mnllan 

Payette 

Soda  Springs .... 
Illinois : 

Aurora 

Cairo 

Charleston 

Chicago 

Cockrell 

Collinsville 

lionisville  . 


First. 


Oct.    23 


Oct     9 
Nov.  29 


Nov.  30 

(») 

(') 
Nov.   19 


Nov."  "30 


Nov.  29 


Oct.  8 

Nov.  29 

Nov,  29 

Nov.  29 

Nov.  29 

Nov.  29 

Oct.  7 

Nov.  29 

Nov.  29 

Nov.  29 

Oct.  8 

Nov.  29 


Nov.  29 
Nov.  30 
Nov.  29 
Nov.  29 
Nov.  30 
Nov.  19 
Nov.  28 


Sept.  11 
Sept  ii 
Sept.  ii 


Sept.  27 
Oct.      7 


Last. 


Sept.  27 
Nov.     5 

•  a  •  ' 

1  StsVlos  ol99o4  More  Isat  f^t  w 


>•••>*■ 


Mar.   19 


Apr.     6 

Mar.  17 
Mar.  3 
Mar.  17 
Mar.   17 

(») 

(') 
Mar.    17 

Mar.   17 

Mar.   17 

Mar.  16 

Mar.     3 

Mar.   17 

Mar.   16 

Mar.   17 

Mar.   17 

Mar.  17 

Mar.   U 

Mar.  6 

Mar.  17 

Mar.  17 

Mar.  17 


Mar.   17 


Mar.  16 
Mar.  17 
Mar.  16 
Mar.  17 
Mar.  17 
Mar.  17 
Mar.  16 
Mar.  17 
Msr.  17 
Mar.  17 
Mar.  16 
Mar  17 
Mar.   17 

May  28 
June  13 
Apr.  15 
Jnne  28 
Jnne  21 
May  11 
Apr.  28 
June  4 
Jnne  2 
Jane  28 

May  11 

Mar.  16 

May  6 

Apr.  14 

Apr.  4 

Apr.  1 

Apr.  10 


States  and  stations. 


First. 


lllinoiM — Con  tinned.  ' 

Mattoou 

Mount  Morris 

Oneida 

Oswego 

Palestine 

Peoria 

Philo 

Riley 

Bockford 

Sandwich 

South  Evanston  .. 

Sprinfi:field 

Sycamore 

Windsor 

Indiana : 

Bntlerville 

Cannelton 

Craodall 

Dana 

Indianapolis 

Jefferson  ville 

Mauzy 

Point  Isabel..  ... 

Scalesville 

Snnman 

Terre  Haute 

Valparaiso 

Vevay 

Indian  Territory : 

Caddo  Creek 

Fort  Reno 

Fort  Sill 

Fort  Supply 

Guthrie 

Healdton 

Jimtown 

Iowa: 

Alta 

Amana. 

Ames 

Bancroft 

Belle  Plaine 

Blakeville 

Carroll 

Carson 

Cedar  Rapids 

Clarinda 

Clinton 

Cresco 

Davenport 

Des  Moines 

Dubuque 

Eagle  Qrove 

Elkader 

Fayette 

Fort  Madison 

Gillert 

Glen  wood 

GriDDell 

Hampton 

Humboldt 

Independence  — 

M  to  be  oxpeoted.  *  No  UwX  P^9f 

1 1^0  ftoit  auriofi  9MMm. 


Sept.  27 
Sept.  18 
Oct.  14 
Sept.  21 
Oct.  7 
Oct.  7 
Sept.  27 
Sept.  18 
Sept.  27 
Oct.  7 
Sept.  18 
Oct.  7 
Sept.  27 
Oct.   7 

Oct.   7 


Sept.  19 

Oct.  7 

Oct,  7 

Sept.  21 

Sept.  21 

Oct.  7 

Oct.  7 

Deo.  24 


Sept.  28 


Oct.  26 
Nov.  9 
Sept.  '^5 


Nov.  2 


Sept.  27 
Sept.  19 
Sept.  18 
Sept.  19 
Sept.  27 
Sept.  27 
Oct.  20 
Sept.  27 
Oct.  20 
Sept.  27 
Sept.  17 
Sept.  27 
Sept.  27 
Sept,  27 
Oct.  6 
Sept.  18 
Sept.  16 
Sept.  27 
Sept.  17 
Sept.  27 
Sept.  27 
Sept.  17 
Sept.  17 


May 

Apr. 
May 
May 
Apr. 
May 


1 

6 

11 

10 
6 


May 

Apr. 


Apr. 
May 


Apr. 
Msr. 
Apr. 
May 


May 

May 
May 

May 
May 
Way 
May 
May 
May 
Apr. 
May 
May 
May 
May 
Mav 
May 
Apr. 
May 
Apr. 


May 


10 


1 
23 

1 
12 


Apr. 

0) 
May 

Apr. 

Mar. 

Mar. 

Mar. 

May 

Mar. 

Mar. 


19 

10 
28 

16 

31 
16 
16 
16 
i 


7 
17 

i 
17 

16 
16 

7 

16 
17 
16 
20 

6 
16 

6 

i 

17 

20 

9 


May 
May 

Apr. 


17 

17 

I 
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Dates  of  tbs  Fibbt  akp  Last  Kiixino  Frost  for  the  Season  1889-'90— Cont'd. 


Slates  and  stations. 


lowa—Continned. 

Indianola 

Iowa  City 

Irwin 

Jefferson 

Keoknk 

Larrabee 

Logan 

Hanson 

Maqnoketa 

McCansland 

McGregor 

Montioello 

Mount  Pleasant .. 

Osage 

Oskaloosa 

Sao  City 

SionxCitv 

Storm  Lake 

Vinton 

Washington 

Webster  City 

Wesley 

West  Bend 

Kansas: 

AlUson 

Alton 

Bendena  

Cairo 

Concordia 

Cnnningbam 

Dodge  City 

Downs 

Elk  Falls 

Emporia 

Englewood 

Fremont 

Globe 

Gk>veCitjf 

HavensYiIle 

Independence 

Kansas  City 

La  Harpe 

Lawrence 

Leavenworth 

Lebo 

Leoti ^.. 

MacksTille 

Manhattan 

Morse 

Salina 

Sedan 

Topeka 

Tribune 

Wellingtbn 

Wichita 

Yates  Center 

Keutncky : 

Ashland 

Bowling  Green  . . . 

Canton 

Earlington....... 


^irst. 


Oct.  28 


Sept. 
Sept. 


17 
27 


Sept. 

Sept. 

Sept. 

Sept 

Sept. 

Sept. 

Sept. 

Sept. 

Sept. 

Sept. 

Oct. 

Oct. 

Sept. 

Sept. 

Sept. 

Sept. 

Sept. 

Oct. 


Nov. 


18 
18 
27 
27 
18 
19 
27 
27 
27 
17 
6 
5 
19 
27 
17 
16 
17 

20 

"5" 


Sept. 
Oct. 

Sept. 


27 
26 
25 


Nov. 

Oct. 

Oct. 

Sept. 

Oct. 


7 

6 

26 

24 

27 


Oct. 
Oct. 


20 
27 


Nov. 
Oct. 
Oct. 
Sept. 


9 
27 
27 
27 


Sept. 
Oct. 


27 
27 


Oct. 

Oct. 

Sept. 

Oct. 

Oct. 

Oct. 

Oct. 
Oct. 
Oct. 
Oct. 
Qot. 


27 
6 
25 
26 
27 
27 

8 
7 
8 
6 
7 


Last. 


May  7 

May  6 
May  16 


Apr.  10 

Apr.  14 

May  7 

May  16 

May  5 

Mar.  31 


May  20 


May  5 

Apr.  10 

May  16 

May  7 

May  4 


Apr.  10 
May  16 
May   17 


May     7 

May     7 


Mar.  4 

May  7 

May  16 

Apr.  27 

May  7 


May  16 

Apr.  1 

May  7 

Apr.  1 

Apr.  27 

Apr.  1 

Mar.  31 

May  16 

May  16 


Apr.  1 

May  16 

May  6 

May  16 

May  16 

Apr.  1 

Apr.  10 

Mar.  31 

May  7 

May  6 


Apr.      1 
Apr.    27 


Apr.  1 
Mar.  30 
Mar.   28 


States  and  stations. 


Kentnckr — Cont'd. 

Frankfort 

Franklin .. 

Harrodsbnrgh  . . . . 

Lexington 

Louisville 

Millersburgh 

Mount  Sterling... 

Murray 

Owenton 

PellvUle 

Princeton 

Richmond 

Shelby  ville 

South  Fork 

Springfield 

Louisiana : 

Audubon  Park . .  • . 

Cameron 

Cheney  ville 

Columbia 

Coushatta 

Emilie 

Girard 

Grand  Coteau  — 

Houraa 

La  Fayette 

Liberty  Hill 

Luling 

Marksville 

Minden  

•    NewOrleans 

Shreveport 

Maine: 

Cornish 

EastiK>rt 

Farmington 

Gardiner 

Kent's  Hill 

Orono 

Portland 

Maryland : 

Baltimore 

Barren  Creek 
Springs 

Cumberland 

Fallston 

Frederick 

Gaithersburgh  ... 

Galena 

Gambrill's 

Jewell 

McDonogh 

Mount  St.  Mary's 
College 

Woodstock 

Massachusetts : 

Amherst 

Boston 

Brewster 

Cambridge 

Chestnut  HiU 

Dudley ,,,, 


First. 


Oct. 
Oct. 


7 

8 


Oct. 
Oct. 
Oct. 
OoK 
Oct. 
Oct. 


7 
7 
7 
7 
7 
7 


Oct. 
Oct. 
Oct. 
Oct. 


7 
5 
7 

7 


Nov. 
Nov. 


9 

'4' 


Nov.   29 
Nov.   18 


Oct.  27 
Nov.  18 
Oct.    27 


Nov.  29 

Oct.  5 

Oct.  24 

Oct.  15 

Oct.  17 

Oct.  17 

Sept.  30 

Oct.  11 

Nov.  6 

Oct.  9 

Sept.  22 

Oct.  9 

Oct.  24 

Oct.  23 


Oct.    21 
Nov.   16 


Oct.      9 
Oct.      9 

Sept.  23 
Nov.    17 


Oct.  17 
Oct.  17 
Qot.      3 


Last. 


Apr.  11 

Mar.  16 

May  H 

Apr.  1 

Mar.  31 

Mar.  16 

Apr.  1 


Apr.  11 

Apr.  11 

Mar.  29 

Apr.  11 

Apr.  11 

Apr.  11 


Mar.  4 
Mar.  3 
Mar.     3 


Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 


3 

4 
2 
3 

4 
3 


Mar.  15 

Mar.  14 

Mar.  2 

Mar.  2 

Mar.  3 

Apr.  19 
Apr.  27 
Apr.    26 

May '"2 
May  2 
Apr.    19 

Apr.     2 

May     9 

Apr.     6 


Apr. 

2 

Apr. 

1 

Apr. 

19 

'2ro  ttwtt  prior  (Q  Jwmrj  l^  I890, 


Apr.  2 

Apr.  19 

Apr.  19 

Apr.  21 

May  17 

Apr.  19 

Apr.  18 

Anr.  19 

Apr.  26 

Apr,  30 
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Dates  of  the  First  and  Last  Kuxing  Frost  fo&  the  Season  I889-'90— ContU 


States  and  stations. 


Massacbasetts— ^Con. 

Fall  River 

Heath 

Leicester 

Ludlow 

MiltoD 

Nabant  

Nantnckct  

New  Bedford 

Newbury  port 

North  Billerica  ... 

Provincetown 

Royalston 

Somerset 

Taunton 

Vineyard  Haven . . 

Williamstown 

Wood's  Holl 

Worcester 

Michigan : 

Albion 

Alpena 

Berrien  Springs. . . 

Birmingham 

Caldwell 

Detroit 

Esoanaba 

Grand  Haven 

HarrisviUe 

Hudson 

Kalamazoo 

Lansing 

Manistee 

Marquette 

Marshall 

Mottville 

Port  Huron 

Sault  de  Ste.  Marie 

Thornville 

Ypsilanti 

Minnesota: 

Dnluth 

Grand  Meadow  . . . 

Le  Sueur 

Montevideo 

Moorbead 

Morris 

St.  Charles 

St.  Paul 

St.  Vincent 

Sheldon 

Mississippi : 

Boone  ville 

Columl)U8 :... 

Edwards 

Fayette 

Kosciusko 

Lake , 

Logtown 

Louisville 

Meridian 

Moss  Point , 

Palo  Alto 


FiiHt. 


Oct.  17 
Sept.  29 
Sept.  23 


Oct. 


Nov.  16 

Oct.  23 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 


17 

5 

19 

21 

11 

8 

8 

3 


Last. 


Nov.  16 
Oct.   8 

Sept.  21 
Sept.  22 
Oct.  7 
Sept.  22 


Sept.  27 
Sept.  27 
Sept.  22 
Sept.  16 
Sept.  20 
Sept.  19 
Sept.  22 
Sept.  22 
Sept.  21 
Sept.  22 
Sept.  22 
Sept.  14 
Sept.  22 
Sept.  22 
Sept.  20 

Oct.  7 
Sept.  18 
Sept.  18 
Sepf.  18 
Sept.  15 


Sept.  27 
Aug.  4 
Sept.  27 


Nov.  18 


Oct.  8 
Oct.  8 
Nov.  29 


Apr.  26 

May  17 

Apr.  20 

Apr.  29 

May  12 

Apr.  19 

Apr.  19 

Apr.  19 

Apr.  2A 

Apr.  26 

Apr.*  19 

Apr.  26 

Apr.  26 

Apr.  19 

May  2 

Apr.  19 

Apr.  19 

May  10 

May  16 

Apr.  1 

May  7 

May  24 

May  11 

May  20 

May  1 

June  7 

June  7 

May  11 

May  11 

May  1 

May  22 

May  11 

May  16 

May  11 

May  18 

May  7 

May  11 

May    17 


States  and  staiiojifl. 


Apr.  14 

May  26 

May  20 

May  17 

May  5 

May  17 

May  27 

May  17 

Mar.  16 

Mar.  17 

Mar.  16 

Mar.  16 

Mar.  16 

Apr.  10 

Mar.  4 

Mar.  29 

Mar.  16 

Mar.  3 

Mar.  17 


Mississippi — Cont'd. 

Pearlington 

Pontotoo 

Port  Gibson 

Summit 

University 

Vaideu 

Vicksbnrg    

Washington 

Waynesborongh .. 

West  Point 

Missouri : 

Appleton  City.... 

Bethany 

Brunswick 

Centre  ville 

Conception 

Excelsior  Springs. 

Fayette 

Frankford 

Glasgow 

Grand  Pass 

Harrisonville 

Ironton 

Kansas  City 

Lamar 

Liberty 

N^w  Frankford... 

New  Haven 

Oregon 

Ozark 

Pickering 

Platte  River 

Princeton 

Protem 

St.  Charles 

St.  Lonis 

Sarcoxie 

Sedalia 

Shelbina 

Springfield 

Steeleville 

Warrensbnrgh  ... 

Willow  Springs.,. 
Montana : 

Blackfeet  Agency 

Fort  As8inilK>ine. . 

Fort  Custer 

Fort  Logan 

FortMaginnis 

Glendive 

Helena 

Martinsdale 

Powder  Eiver  — 

Sheldon 

Virginia  City  — 
Nebraska: 

Alliance 

Ansley 

Ashley 

Bingham 

Creighton 

Crete 


Fint. 


Nov.   29 
Nov,    11 


Nov.    11 
Nov.   28 


Nov.    18 
Nov."  "is 


Oct.      6 


Oct.  21 

Sept.  27 

Oct.  15 

Oct.  7 

Sept.  27 

Oct.  27 

Oct.  27 

Oct.  7 

Oct.  27 


Oct.    29 


Sept.    6 


Oct.    20 
Oct.    27 


Oct. 


Oct,    27 


Oct.  6 
Sept.  19 
Oct.  27 
Sept.  26 


Sept.  11 
Sept.  13 
Ang.  28 
Sept.  11 
Sept.  14 
Sept.  11 


Sept.  11 
Sept.  11 
Sept.  11 

Oct.  4 
Sept.  15 


Sept.  24 
Sept.  18 
Sept.  27 


Mar.  29 

Mar.  16 

Mar.  14 

Mar.  16 

Mar.  17 

Mar.  16 

Mar.  16 

Mar.  17 

Mar.  16 

May  16 

Apr.  10 

Apr.  1 

Ma?  8 

May  5 

May  16 

May  16 


May    16 
May    16 


Apr.  1 

Apr.  1 

May  6 

May  16 

May  16 

Apr.  1 

May  16 

Apr.  1 

Mav  16 

May  16 

May  7 

May  6 

Apr.  1 

May  16 


May    16 
Apr,     1 


Apr.    10 

May  ^ 
Mav  15 
May  M 
June  15 
June  12 
May  15 
Mav  12 
May  27 
May  15 
Apr.  12 
May 


2!* 


Jnne    7 


May    14 


May 
May 
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Dates  op  the  First  and  Last  Eiluno  Fbost  for  the  Season  188&-'90— Cont'd. 


States  ftnd  stations. 


Nebraska — Cont'd . 

Culberteon 

DeSoto 

Fairbnry 

Falls  City 

Fremont 

Genoa 

Gerinj? 

Hay  Springs 

Howe 

Kennedy 

Kimball 

Leighton 

Lincoln  

Marquette 

North  Loup 

North  Platte 

Omaha 

Syracuse 

Tecumseh 

Valentino 

Weeping  Water  .. 
Nevada : 

Carson  City 

Winnemiicca 

New  Hampshire : 

Antrim 

Berlin  Mills 

Coucord 

Hanover 

Manchester 

Nashua 

North  Sutton 

Shaker  Village ... 
New  Jersey : 

Atlantic  City 

Beverly 

Egg  Harbor  City . 

Jersey  City 

Moorestown 

Readington 

South  Orange  .... 

Woo<ibury 

New  Mexico : 

Albuquerque 

Charaa 

Coolidge 

Fort  Stanton 

Gallinas  Springs. . 

Hillsborough 

La  Luz 

Las  Vegas 

Lava 

Los  Lunas 

Re<l  CaQon 

Roswell . 

Santa  F^ 

New  York : 

Albany  

Alfred  Centre 

Angelica 

Apalachin 


First. 


Sept. 

Sept. 

Oct. 

Oct. 

Oct. 

Oct. 

Sept. 

Oct. 

Sept. 

Oct. 

Sept. 


Sept. 
Sept. 
Sept. 
Oct. 


Sept. 
Sept. 

Sept. 
Se5>t. 

Sept. 

Oct. 

Oct. 


Oct. 


Oct. 
Sept. 

Nov. 

Oct. 

Oct. 

Nov. 

Oct. 

Nov. 

Oct. 

Oct. 


Sept. 
Sept. 
Nov. 


iSept. 

Oct. 

Nov. 


Oct. 
Sept. 

Oct. 

Oct. 
Sept. 


25 
27 

18 
20 

6 

6 
15 

2 
27 
19 

5 


Oct.  13 


14 
15 
27 
18 


15 
27 

15 
12 

22 

14 
22 


17 

29 

6 
8 
22 
16 
17 
16 
17 
22 


23 

26 

1 


25 

30 

4 


24 
25 

22 

5 
23 


Last. 


May   7 
May  16 


May  7 

May  13 

May  12 

May  15 

May  7 

Apr.  8 

May  15 

May  7 


May  7 

May  15 

May  7 

May  7 

Apr,  1 

Mav  16 

May  13 

May  7 

June  3 

May  12 


May  12 

Mav  23 

Mav  29 

May  12 

Apr.  19 

May  7 

Apr.  19 

May  9 

May  9 


Apr.  6 

Apr.  19 

Apr.  9 

Apr.  6 

Mar.  17 
June  5 
May  22 
Apr.  22 
Apr.  3 
Apr.  3 
Apr.  3 
May  14 
Apr.  9 
Mar.  12 
Apr.  10 
Apr.  10 
Apr.    25 

Apr.    26 


May    21 
May    18 
*  No  frost  prior  to 


States  and  stations. 


New  York— Cont'd. 

Ardenia 

Auburn 

Boyd's  Corners  . . . 

Buffalo 

Canton 

Constableville 

Cooperstown 

Eden  Center 

Elmira 

Factory  ville 

Fleming 

Geneva  

Hess    Road    Sta- 
tion  

Honeymead-brook 

Humphrey 

Ilion 

Ithaca  

Low  ville 

Lyons 

New  Lisbon 

New  York  City  ... 

Ninevah  

North  Hammond  . 

Number  Four 

Ogdensburgh 

Oswego 

Palermo 

Palmj'ra 

Peudleton  Centre. 

Perrj'  City 

Queensbury 

Rochester 

Rome 

Rondout  

Saranac  Lake  

Savona  .'. 

Schoharie 

Serauket 

South  Canistfio. . . 

Soath  Kortright.. 

Tannersville 

Turin 

Utica 

Wedgwood 

White  Plains 

North  Carolina: 

Asheville 

Chapel  Hill 

Charlotte 

Hatteras 

Highlands 

Kitty  Hawk 

Lenoir 

Morgan  ton 

Mount  Airy 

Mount  Pleasant  .. 

New  Berne 

Oak  Ridge 

Raleigh 

JftDuary  1, 1890. 


First. 


Oct.  23 

Oct.  23 

Oct.  24 

Oct.  21 

Oct.  3 

Oct.  12 

Oct.  19 


Oct.  19 

Oct.  3 

Oct.  14 

Oct.  21 

Sept.  23 

Oct.  19 

Sept.  23 

Sept.  2;) 

Oct.  16 


Oct.    21 


Oct.  22 
Oct.  3 
Oct.  10 
Sept.  23 


Oct.  19 
Sept.  23 
Oct.  21 
Oct.  6 
Oct.  15 
Sept.  23 
Oct.  18 
Sept.  22 
Sept.  23 
Sept.  23 
Sept.  23 
Oct.   5 


Last. 


Sept.  23 
Sept.  23 
Oct.   3 


Sept.  23 
Oct.  15 
Oct.   3 

Oct.  7 
Nov.  19 
Oct.   8 

{') 

Sept.  19 

Nov.  30 

Oct.  1 

Oct.  7 

Oct.  9 

Oct.  8 


Nov.  20 


Apr.  19 

May  9 
May  11 
May  21 
June  8 
May  18 
May  2 
Mav  2 
May  18 
May  21 
May   8 

May  21 

Miy""i8 

Mav  18 

May  2 

May  21 

May  18 

May  9 

Apr.  19 

May  "2 

Mav  21 

May  8 

May  2 

May  21 

May  2 

Mav  11 

May  12 

May  21 

May  2 


May  9 

Apr.  19 

May  21 

May  19 


May    21 
May    21 


Apr.  19 

Apr.  21 

Apr.  20 

Mar.  17 

Mar.  16 


Mar.  17 

Apr.  21 

Apr.  11 

Apr.  21 

A]>r.  21 

Apr.  11 

Apr.  20 

Apr.  20 


646 


BEPORT  OP  THE  CHIEF  8IGKAL  OPFICEK. 


Dates  ov  thb  Fibst  A2n>  Last  Ehung  Frost  fob  thb  Season  188^'90-^oni'd. 


States  and  stations. 


North  Carolina-Con. 

Soapetone  Mount. 

Sonthport 

Washingiion 

Weldon 

Wilmineton 

North  Dakota : 

Bismarck 

Davenport 

Fort  Bnford 

Fort  Yates 

Gallatin 

Grand  Forks 

Napoleon 

New  England  City 

Steele 

Wahpeton 

Ohio: 

Bellevne 

Bement 

CarroUton 

Cincinnati 

Cleveland  (1) 

Cleveland  (2) 

College  Hill 

Columbns 

Demos 

Elyria 

Garrettsville 

Gratiot 

Hassan.... 

Jackson  borongh . . 

Kent 

Kenton 

Leipsio 

Lordstown 

Napoleon 

New  Athens 

North  Lewisburgb 

Orange  ville 

Poland 

Portsmonth 

Sandusky 

ShanesvUle 

Shiloh 

Tiffin 

Toledo 

Vienna..... 

Wanseon 

Westerville 

West  Milton 

Yellow  Spring... 
Oregon: 

Albany  

Astoria 

Baker  City 

Bandon  

Beulah 

Burns.... 

Eilensburgb 

Eola 


First. 


Nov.  7 
Not.  29 


Sept.  9 

Nov.  29 

Sept.  26 

Sept.  15 

Sept.  11 

Sept.  15 

Sept.  15 


Sept.  15 

Sept.  5 

Sept.  15 

^pt.  14 

Oct.  7 
Sept.  IS 
Oct.  7 
Oct.  8 
Oct.  24 
Oct.  8 
Oct. 
Oct. 
Oct. 
Oct. 


7 
7 
8 

H 


Last 


Sept.  23 


Sept.  27 
Oct.  7 
Oct.  7 
Oct.  9 
Sept.  21 
Oct.  7 
Oct.  7 
Sept.  21 
Oct.  8 
Oct.  8 
Oct.  8 
Oct.  8 
Sept.  22 
Sept.  21 
Oct.  8 
Oct.  8 
Sept.  21 
Sept.  22 
Oct.  7 
Sept.  21 

Nov.  4 
Nov.  15 
Sept.  4 
Nov.  15 
Sept.  11 


Apr.  21 

Mar.  16 

Mar.  16 

Apr.  21 

Apr.  20 

May  15 

Mar.  21 

May  26 

May  15 

May  17 

Mar.  21 


Mar.  26 

Mar.  17 

Mar.  IB 

May  2 

May  12 

May  20 

Apr.  1 

May  2 

May  2 


Nov.   14 


Apr. 

19 

May 

2 

May 

7 

May 

21 

May 

8 

May 

11 

May 

11 

May 

5 

May 

11 

May 

11 

May 

11 

May 

2 

May 

17 

Apr. 

11 

Apr. 

21 

May 

11 

May 

11 

Apr. 
M!ay 

21 
21 

May 

11 

May 

2 

Apr. 

20 

Apr. 

15 

Apr. 

13 

June 

2 

Mar. 

31 

Jnne  19 

June 

17 

Mar. 

11 

Apr. 

23 

States  and  stations. 


Oregon— Continued. 

Grantfs  Pass 

Happy  Valley .... 

Heppner 

Joraan  Y aQey .... 

Joseph 

Klamath...*: 

La  Grande 

Lakeview 

LinkvUle 

MoMinn  ville 

Mount  Angel 

Portland 

Roseburgh 

Tillamook 

Pennsylvania : 

Altoona 

Aqnedaot 

Blooming  Grove.. 

Blue  Knob  ....... 

Corry 

Dyberry 

Easton 

Edinborongh 

Erie 

Franklin 

Germantown 

Grampian  Hills. .. 

Harrisbnrg 

Le  Roy 

Lewistown 

Nisbet 

Petersbnrgh 

Philadelphia 


Philipsburgh 
iburirh  .. 


Pittsburgh 

Pleasant  Monnt  .. 

Qnakertown 

Beading 

Salem  Vomers.... 

State  College 

Tipton 

Troy 

Tnscarora «.. 

Wellsborongh .... 

Westchester 

Rhode  Island : 

Block  Island 

Kingston 

Narragansett  Pier. 
South  Carolina : 

Aiken 

Charleston 

Cheraw 

Columbia 

Greenwood 

Kirkwood 

Port  Royal 

Simpson  ville 

Spartanburgh  .... 

Statesburgh 


ilrst 


Not.  4 
Sipk'ii' 


0) 
Oct.  28 


Aug.  19 

Nov.  3 

Oct.  15 

Nov.  16 

Nov.  6 

Dec.  5 

Oct.  22 
Oct.  24 
Oct.  22 
Oet.  5 
Sept.  23 
Sept.  23 


Sept.  23 

Oct.  21 

Oct.  9 

Oct.  24 

Sept.  23 

Oct.  22 

Oct.  5 


Oet.  24 
Sept.  24 
Oct.  22 
Sept.  23 
Oet.  24 
Oct.  7 
Oct.  3 
Oct.  9 
Oct.  19 
Oct.   3 


Oct.  9 
Oct.  82 
Sept.  23 
Oct.  23 

Dec.  28 
Oct.  11 
Oct.   3 

Nov.  29 
Nov.  30 


Not.  29 


Dec.  1 

Nov.  30 

Nov.  19 

Not.  19 

Nov.  29 


Apr.  25 
Jane  4 
May  30 
June  19 
June  4 


June  25 

.  <*^ 
Apr.  15 

Apr.  15 

Apr.  14 

Apr.  15 


Apr.  20 

Apr.  19 

Apr.  19 

May  21 

May  18 

May  18 

Apr.  19 

May  21 

Apr.  20 

May  2 


May  7 

Apr.  19 

May  in 

May  ^ 

May  1 

May  12 

Apr.  19 

May  16 

Apr.  19 

Apr.  87 

May  17 


May  9 

May  2 

May  7 

May  18 

May  19 

May  28 

Apr.  12» 

Apr.  19 
Apr.  ^ 
Apr.     8 

Mar.  17 
Mar.  16 
Mar.  17 
Mar.  17 

Mar.  17 
Mar.  17 
Mar.  16 
Apr.  II 
May  8 
Apr.  U 


>  StatloB  closed  lyefore  last  fh>st  wm  to  be  expected. 
^  Frost  every  month  during  observation. 
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Dates  of  the  Fibst  Ain>  Labt  "Kilujxq  Frost  for  the  Sbasok  1889-^9(^-Coiit'd. 


States  and  stations. 


South  Dakota : 

Aberdeen 

Alexandria 

Brookings 

Canton 

Clark    

DeSmet 

Etta  Mine 

Flandrean 

Fort  Solly 

Highmore 

Harou 

Kimball 

Millbank 

Oelriclis 

Onida 

Parkston 

Sapid  City 

Roscoe 

Spearfish 

Yermillion 

Webster 

Wolsey 

Woonsooket 

Tankton 

Tennessee : 

Asbwood 

Austin 

Chattanooga 

Cnmberland  Gap  . 

Dyersbnrgh 

Knozville 

Memphis 

Milan 

Nashville 

Riddleton 

Texas: 

Abilene 

Austin 

Benjamin 

Brady  

Brazoria 

Brenham 

Brownsville 

Brownwood 

Caddo  Peak 

Childress 

Cleburne 

College  Station... 

Colorado 

Columbia 

Corpus  Christi 

Dallas 

Decatur 

Duval 

El  Paso 

Epworth 

Forestburgh 

Fort  Elliott 

Fort  Worth 

Frederioksburgh  . 

Qainesville 


First. 


Sept.  16 
Sept.  15 
Sept.  17 
Sept.  17 
Oct.  14 


Oct.  17 


Oct. 
Oct. 


5 
5 


Sept.  15 
Sept.  15 
Sept.  17 
Sept.  15 


Sept.  15 

Sept.  15 

Sept.  15 

Oct.  5 

Oct.  8 

Oct.  8 

Nov.  28 


Oct.  8 

Nov.  29 

Oct.  7 

Oct.  8 

Oct.  8 

Nov.  12 

Nov.  29 

Nov.  2 

Nov.  1 

Nov.  18 


Nov.  3 


Oct.  27 


Nov.  2 


0) 


Nov.  9 
Nov.  29 
Nov.  1 
Nov.  5 
Nov.  28 
Nov.  2 
Nov.  28 
Nov.  17 


Last. 


June  7 
May  16 
May  16 


May  16 

May  12 
May  17 
May  15 
May  19 
May  15 
May  15 
May  5 
May  15 
May  25 
Mav  15 
May    13 


May  15 

May  7 

May  18 

May  15 

May  16 

May  5 

Mar.  17 

Apr.  11 

Mar.  17 

Apr.  11 

Mar.  29 

Mar.  17 

Mar.  16 

Mar.  29 

Mar.  17 

Apr.  11 

Mar.  14 

Mar.  3 


Mar.  3 
Mar.  2 
Mar.  1 
Mar.  16 
Mar.  16 
Mar.  16 


Mar.  2 
Apr.  1 
Mar.  2 
Mar.  1 
Mar.  17 
Mar.  16 
Mar.  2 
Mar.  15 
Apr.  1 
Mar.  16 
Apr.  2 


Mar.  2 
Mar.  16 


States  and  stations. 


Texas — Continued . 

Gallinas 

Galveston 

Graham 

Hartley 

Heame 

Howe 

Hnntsville 

La  Grange 

Lampasas 

Menardville 

Merkel 

Mesquite 

New  Brannfels  . . 

NewUlm 

Ochiltree 

Palestine 

Panhandle 

Panter 

Pecos  City 

Bio  Grande  City. 

Round  Rock 

San  Antonio 

Sartartia 

Silver  Falls 

Tyler 

Waco 

Utah: 

Beaver 

Fort  Dn  Chesne  . 

Grouse  Creek 

Lake  Park 

Losee 

Moab 

Mount  Carmel ... 

Mount  Pleasant  . 

Nephi 

Richfield 

St.  George 

Salt  Lake  City  -. 

SnowviUe 

Taylor's  Ranch  .. 
Vermont : 

Brattleboro 

Burlington 

EaHt  Berkshire  .. 

Hartland 

Lunenburgh 

Manchester 

Northfleld 

St.  Johnsbury . . . 

Strafford 

Yirffinia: 

Alexandria 

Bird's  Nest 

Bolar 

Cape  Henry 

Christiansburgh . 

Dale  Enterprise  . 

Fall  Creek 

Lexington 

Liberty 


First. 


Nov.     9 

(•) 
Nov.     8 

Sept.  85 


:>ov.  17 


Nov.  9 
Nov.  10 
Nov.   12 


Oct.  27 

Nov.  17 

Nov.  29 

Nov.  2 

Nov.  13 

Nov.  2 

Nov.  12 

Nov.  9 

Oct.  27 

Nov.  17 

Nov.  12 

Nov.  2 


Sept.  15 
Sept.  15 


Oct.  26 
Oct.  28 
Sept.  30 
Sept.  5 
Sept.  15 
Sept.  15 
Nov.  6 
Oct.    29 


Sept.  25 

Sept.  23 
Oct.  21 
Sept.  29 
Oct.  3 
Sept.  29 
Oct.  17 
Sept.  29 
Sept.  21 
Oct.    21 


Nov.  16 
Sept.  22 
Nov.  29 
Oct.  5 
Oct.     9 


Sept.  22 
Nov.  16 


Last. 


Mar.  1 
Mar.  16 
Apr.  27 
Mar.  3 
Mar.  15 
Mar.  2 
Mar.  1 
Mar.  8 
Mar.  3 
Mar.  6 
Mar.  16 
Mar.  15 
Mar.  8 
Apr. 
Mar. 


3 
2 


Apr.     9 


Mar. 

1 

Mar. 

2 

Mar. 

8 

Apr.  1 
Mar.  8 
Mar.     1 

June  5 
May  13 
June  4 
Apr.  14 
June  21 


June  4 
June  14 
June  5 
June    3 


Apr.  28 
June  4 
June    6 

May    18 


June  8 
May  12 
May     1 


May  17 

May  "9 

Apr.  20 

Apr.  8 

Apr.  29 
Mar.   17 

Apr.  14 

Apr.  :eO 

Apr.  21 

Apr.  28 

Apr.  1 


*  No  fhwt  prior  to  Jsanary  1,  ISOi, 
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Dates  of  thb  First  and  Last  Killing  Fbost  for  thk  Season  1889-W— Cont'd. 


States  and  stations. 


Virginia — ContM. 

Lyncbbnrgh. 

Marion 

MidcUetown  . 

Mossinfj^ord 

Norfolk 

Nottoway  C.H. 

Petersburgh 

Richmond 

Salem 

Smithfield 

Spottsville 

Stannton 

Sammit 

Washington: 

Blakely 

Doe  Bay 

FortCanby 

NeahBay 

Olympia' 

Port  Angeles 

Pysht 

Spokane  Falls  ... 

Tatoosh  Island  . . 

Vashon 

Walla  Walla.... 

Watenrille , 

West  Virginia : 

Clarksbargh 

Ella 

Kingwood , 

Monnt  Alto 

Oceana 

Parkersborgh  .. 

Pleasant  Hul.... 

Rowlesbnrgh  — 

Seven  Pines  ..... 

Tannery 

Tyler  Creek 

Wisconsin : 

Bnttemnt 


First. 


Oct.      9 


Nov.  7 
Nov.  29 
Nov.  7 
Oct  9 
Nov  16 
Nov     16 


Nov.   25 
Oct.      9 


Oct.      9 
Nov.   15 


Nov.  22 
Dec.  13 
Sept.  11 
Sept.  12 
Nov.  4 
Sept.  11 
Dec.  23 
Dec.  11 
Nov.  1 


Sept.  22 
Oct.  8 
Oct.  22 


Oct.  7 
Sept.  23 
Oct.  23 
Oct.  9 
Oct.  8 
Oct.  22 


Last. 


Apr.  2 
Apr.  21 


Apr.  20 

Mar.  17 

Apr.  21 

Apr.  20 

Apr.  20 

Apr.  20 

Apr.  6 

Apr.  21 

Apr.  21 

Apr.  21 

Apr.  19 

Apr.  12 

Feb.  28 

Apr.  15 

Apr.  15 

Apr.  24 

Apr.  15 

May  29 


Apr.  13 
Apr.  15 


Apr.  19 

May  12 

May  11 

Apr.  20 

Apr.  11 

Apr.  22 


May  8 

May  12 

Apr.  1 

May  17 


States  and  stations. 


Wisconsin — Cont'd. 

Cadiz 

Embarrass 

Fond  da  Lac 

Friendship 

Glasgow 

Orantsbnrgh 

Green  Bay 

Greenwood 

Hayward 

Honey  Creek 

Horicon 

La  Crosse 

Lincoln 

Madison 

Manitowoc 

Milwaukee 

Neillsville 

Oshkosh 

Potosi 

Richland  Centre . . 

Sammit  Lake 

Viroqna 

Wancousta 

Waasaa 

Wanzeka 

Weston  

Wyoming : 

Carbon 

Cheyenne 

Evanston 

Fort  Fetterman  .. 

Fort  McKinney . . . 

Fort  Washakie .. . 

Lander 

Lnsk 

Owen 

Saratoga 

Wheatland 


First. 


Sept.  27 
Sept.  19 
Sept.  27 
Sept.  27 


Sept.  18 
Aog.     7 
Aug. 
Oct. 
Oct. 


Sept. 
Sept. 


5 

14 

7 


Sept.  21 


Oct.  6 

Sept.  27 

Sept.  27 

Sept.  18 


Oct.  4 

Sept.  20 

Sept.  27 

Sept.  19 

Sept.  19 

Sept.  18 


Oct. 
Sept. 
Oct.      4 


5 


4 
4 


Sept.  10 


Oct.    10 


Last 


May   15 

May  16 
May  17 


May  7 
May  27 
May  11 
May  27 


May 

May 

May 

May 

May 

May 

May 

May  S7 

May  29 

May  17 


6 
5 
7 
4 
5 
17 
6 


May   16 
iiay*» 


May    6 
May   17 


June  17 


Jane  6 
June  5 
Jane  16 
Apr.  *iO 


Jane  14 
Apr.  25 
Jane    5 


>  Station  closed  before  last  Ihwt  wm  to  be  expected. 
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APPENDIX  17. 


DATES  OF  CLOSmaJND  OPENING  OF  NAVIGATION  ON  THE  LAKES  AND 
RIVERS  AT  SELECTED  STATIONS  OF  THE  SIGNAL  SERVICE  FOR  THE 
WINTER  OF  1089-^90. 


Stations. 


XlliDois : 

Cairo 

Chicago 

Iowa: 

Davenport 

Dnbnqne 

KeokoK 

Kansas: 

Loayen  worth 

Kentucky : 

Lonisyille 

Maryland : 

Baltimore 

Michigan : 

Alpena 

Detroit • 

Mackinaw  City 

Marqnette 

Port  Haron 

Sanlt  de  Ste.  Marie 
Minnesota : 

Dulnth , 

Moorhead 

St.  Paul 

Missouri : 

St.  Louis 

Montana : 

Fort  Custer , 

Nebraska : 

Omaha 

New  York : 

Albany , 

Buffalo 

Oswego , 

North  Dakota: 

Bismarck 

Ohio: 

Cincinnati 

Cleveland 

Sandusky 

Toledo 

Pennsylvania : 

Erie 

Pittsburgh 

South  Dakota: 

Fort  Sully 

Tennessee : 

Chattanooga 

Nashville 

Wisconsin : 

La  Crosse 

Milwaukee 


Lakes  or  rivers. 


Mississippi  River 
Lake  Michigan . . 


Mississippi  River 

do 

do 


Missouri  River 

Ohio  River. 

Patapsco  River. 


Lake  Huron 

Detroit  River 

Mackinaw  Straits 
Lake  Superior . . . . 

Lake  Huron 

St.  Marie's  Canal. 


Lake  Superior . . . 

Red  River 

Mississippi  River 

Mississippi  River 

Big  Horn  River  . . 

Missouri  River  . . 


Hudson  River 

Lake  Erie 

Lake  Ontario. 


Missouri  River. 


Ohio  River 
Lake  Erie . 

do 

.-..do 


Lake  Erie . 
Ohio  River 


Missouri  River . 


Tennessee  River . . . 
Cumberland  River. 


Mississippi  River 
Lake  Michigan.  . 


Navigation. 


Closing. 


Deo.    15 

Jan.    15s 
Nov.  29 
Nov.  28 

(») 

(0 
0) 

Jan.  16« 

Deo.  1 

Jan.  4 

Nov.  30 

Dec.  11 

Dec.  4 

Dec.     4 

o 

Sept.  26 

Nov.   17 
Nov.  28 

(») 
Dec.    14 

(0 
Nov.  13 

(J) 

Deo.     6 
Deo.     7 

?i 

Nov.  25 
Nov.  29 


Opening. 


Apr. 


8 


Mar.  22 
Apr.  1 
Mar.   18 

(') 
0) 

(») 

Mar.  31 
Mar.  3 
Apr.  9 
Apr.  23 
Mar.  30 
Apr.   20 

Apr.   21 

Apr.    24 

Mar.  7 
Mar.   19 

(0 
Mar.  31 

(') 
Apr.     4 

(j) 

Mar.  17 
Mar.  24 


Apr. 


6 


{•) 
(') 

Msr.  20 

(') 


*KaTiiration  not  interrapted. 


•  ia». 

'  Ko  naTigation  for  last  two  yeara  on  aceoimt  low  water.    2824  Oba.,  90. 
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'  APPENDIX  i8. 

EEPOBT  OF  ASSISTANT  PMOFESSOB  IN  CHABGB  OF  THE  INSTRUMENT 

DIVISION. 

SxGKAL  Office,  War  Dspakthxnt, 

Waskingtonf  D.  C,  JvJy  7,  1890. 

Sir  :  I  have  the  honor  to  sabmit  the  following  report  of  the  work  of  the  Instra- 
ment  Division  for  the  fiscal  year  ending  June  30,  1890. 

BeginniD|^  with  July  1,  1889,  the  machine  shop  has  formed  a  part  of  this  division ; 
being  previonsly  nnder  the  immediate  control  of  the  Disbursing  Officer.  This  has 
greatly  facilitated  and  expedited  the  work  of  repair  and  modification  of  instroments, 
and  offers  manj^  advantages  over  the  previous  arrangement. 

The  work  with  which  this  division  is  now  charg^  may  be  classed  nnder  the  fol- 
lowing items: 

(1)  Bnpervision  of  station  instraments  and  their  exposure. 

(2)  Maintaining  in  stock  the  necessary  supply  of  all  kinds  of  meteorological  instru- 
ments used  at  stations.  The  packing  and  shipping  of  these,  except  the  heavier 
kinds,  as  may  be  required. 

(3)  Repairing  and  reconstructing  instruments  and  such  general  repsin  abont  the 
office  as  may  be  done  by  the  machinists. 

(4)  Repairing,  refilling,  and  standardizing  barometers. 

(5)  Determination  of  corrections  for.  instrumental  errors  of  all  new  and  reacaled 
thermometers,  abd  preparation  of  correction  cards  therefor. 

(6)  Custody  and  care  of  standards  and  substandards  and  various  apparatus  for 
special  experimental  work.  Also  the  maintenance  in  operation  ot  a  number  of  self- 
registering  meteorological  instruments. 


(7)  Original  experimental  work  and  stndj. 
Tl  "        


Jhe  personnel  ot  the  division  during  the  Srst  months  of  the  year  consisted  of  three 
clerks  and  three  machinists.  A  greatiy  needed  increase  in  this  force  was  made  Feb- 
ruary 24, 1890,  by  the  assignment  of  an  additional  assistant  to  aid  in  packing  and 
prepariog  instruments  for  shipment. 

An  additional  clerk,  temporarily  detailed,  has  also  aided  in  special  work  and  the 
reduction  of  observation^  upon  anemometry,  vapor  pressures,  and  other  experimental 
studies. 

On  May  16, 1890,  the  death  of  Mr.  Adolph  Eccard  made  vacant  the  position  of 
chief  machinist.  Mr.  Eccard's  long  connection  with  the  various  instruments  and 
accessories  used  at  stations,  t<»gether  with  his  natural  ingenuity  and  diversity  of 
information  respecting  mechanical  and  electrical  questions,  rendered  him  vety  usefbl 
and  his  services  in  demand  in  many  different  ways.  Among  the  self-registBring 
instruments  in  operation  in  the  instrument  room  some  have  been  designed  by  him 
and  others  have  been  improved  or  modified  in  important  particulars  and  have  long 
been  in  successful  operation.  The  vacancy  has  been  filled  in  a  very  satisfactory 
manner  by  the  promotion  of  Mr.  C.  B.  Tuch,  a  skilled  mechanician,  heretofore  hav- 
ing charge  of  the  self-registering  instruments  and  preparation  of  barometers. 

The  large  amount  of  time  consumed  in  completing  contracta  for  instrument  eases 
and  furniture  for  the  instrument  room  greatly  delays  the  work  of  setting  up  and 
putting  in  \f  orking  order  the  self- registering  instruments  maintained  at  this  office. 
The  instrument  room  is  now,  however,  practically  restored,  and,  while  not  being 
highly  elaborate  nor  ornamental,  is  believed  to  be  quite  complete  and  as  creditable  in 
every  respect  as  circumstances  admit. 

SUPERVISION  OF  STATIOF  INSTRUMENTS. 

Every  effort  has  been  made  to  improve  and  complete  the  equipment  of  instruments 
at  stations  and  bring  abont  as  great  a  degree  of  uniformity  in  exposures  as  possible. 

The  introduction  of  self-registering  instruments  has  still  been  pursued,  and,  during 
a  greater  or  less  part  of  the  past  year,  a  number  of  stations  have  secured  continuous 
records  of  all,  or  nearly  all,  the  more  important  meteorological  elements.  Recently 
25  of  these  stations  have  been  specially  announced  as  stotions  of  the  first  order, 
taking  continuous  observations. 

A  complete  equipment  of  instruments  at  stations  comprehends,  as  far  as  possible, 
a  duplicate  set  at  each,  but  this  principle  can  not  be  fully  carried  out  in  all  canes. 
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The  table  below  shows  the  ntxinbeT  and  kind  of  instmments  in  nse  at  stations  of  the 
flnt  and  second  order : 

At  second  order  stations : 

Anemometers 2 

Barometers,  meroarial 2 

Rain-gauge - 

Snow-gange  

Anemometer  register 1 

Instmment  shelter ^ 

Anemometer  snpport 

Wind-vane  support 

Whirling  apparatus 

Wind  vanes 2 

Thermometers,  dry  bulb 2 

Thermometers,  wet  bulb 2 

Thermometers,  maximum • 2 

Thermometers,  minimum 2 

Supports  for  ram  and  snow  gauges. 

Additional  inttrumenU  at  first  order  BtatUma. 

Barograph 1 

Register ;  recording  rainfoU,  wind  velocity,  and  wind  direction 1 

Electrical  recording  attachment  to  wind  vane 1 

Sunshine  recorder 1 

Thermograph 1 

While  thus  far  only  25  stations  are  regularly  rated  as  first-order  stations,  yet 
between  25  and  90  additional  stations  have  been  using  thermographs  for  the  greater 
part  of  the  year.  Observations  of  evaporation  have  also  been  carried  on  at  some  20 
selected  stations. 

The  standard  pattern  of  instrument  shelter,  recommended  some  years  since  by 
Professor  Hazen,  is  still  in  nse  for  the  exposure  of  thermometers  and  temperature 
instruments. 

For  satisfactory  exposures  of  anemometers  and  wind  vanes  it  is  necessary  they  be 
raised  from  15  to  25  feet  above  the  roofs  of  the  offices,  and  for  this  a  great  variety  of 
supports  have  been  used  in  the  past,  especially  for  the  anemometer,  the  dial  of  which 
previous  to  the  past  year  was  read  once  in  every  24  hours,  requiring  that  the  instru- 
ment could  be  convenientlv  lowered  to  some  accessible  point.  Early  in  this  year  the 
electrically  recording  mechanisms  of  the  anemometer  were  improved  in  such  a  man- 
ner that  weekly  instead  of  daily  readings  furnished  all  the  check  necessary  upon 
the  automatic  record.  The  use  of  a  much  simpler  support  thereby  became  feasible, 
and,  after  a  very  satisfactory  trial  at  this  office,  a  simple  combined  support  for  both 
wind  vane  and  anemometer  has  been  furnished  certain' stations  where  new  supports 
were  needed. 

This  support  consists  of  1|  and  2  inch  wrought  iron  pipe. '  The  lower  end  being 
seeured  to  the  roof,  three  adjustable  guy  rods  attached  near  the  top,  give  the 
desired  rigidity  to  the  support.  The  wind  vane,  mounted  on  rolling  bearings,  is 
placed  at  the  top,  with  the  rod  which  operates  the  electrical  contacts  for  self-re- 
cording vanes  passing  downward  on  the  inside.  At  a  distance  of  from  2  to  3  feet 
below  the  winu  vane  the  snpport  carries  a  horizontal  arm,  about  3  feet  long,  the 
anemometer  being  placed  on  the  outer  end  of  this.  Several  iron  steps  clamped  about 
the  main  pipe  form  a  ladder  that  affords  a  sufficiently  convenient  access  to  the  ane- 
mometer dial. 

These  modifications  greatly  lessen  expenses  of  transportation  and  the  erection  and 
setting  up  of  the  instruments,  so  that  the  advantages  of  the  improvements  are 
greater  than  at  first  appear. 

With  a  view  to  the  better  furnishing  of  stations,  and  especially  to  the  better  pres- 
ervation of  the  mercurial  barometers  used,  a  suitable  and  nicely  made  barometer 
box  has  been  sent  to  some  60  stations.  The  box  is  large  enough  to  contain  both  the 
station  and  extra  barometers,  and  is  provided  with  glass  panels  at  the  front  and 
side  to  afford  the  best  possible  illumination.  The  barometers  are  suspended  freely 
from  specially  constructed  supports  of  such  nature  that  the  barometer  can  be  held 
rigidly  while  adjusting  ior  readings  but  without  in  the  least  interfering  with  the 
verticality,  which  is  determined  by  the  free  suspension  of  the  barometer  itself.  It 
is  believed  that  with  these  boxes  observers  should  have  no  difficultv,  generally,  in 
preserving  their  barometers  in  good  order  for  a  much  longer  time  than  heretofore. 

During  the  year  3u  of  the  old  barometers  of  the  service  were  fitted  with  the  im- 
proved cistern,  designed  some  years  since  by  Mr.  Tuch  of  this  division.  These  are 
now  being  regularly  supplied  to  stations  when  replacing  unserviceable  barometezs* 
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This  oistem  is  made  of  iron,  with  the  nsnal  glaes  i)ortioii  at  the  top.  The  a^joftt- 
ment  of  the  mercory  to  the  lYory  point  is  effected  hy  means  of  a  neatly  constTocted 
piston  provided  with  a  screw  motion.  They  have  given  very  general  satisfaction, 
and  prove  more  durable  than  the  leather  bag  of  the  old  Fortin  construction. 

Many  items  of  repair  and  slight  alterations  in  locations  and  exposure  of  instru- 
ments, as  also  the  more  secnre  packing  of  instruments  for  shipment,  render  it  advify- 
able  that  observers  be  provided  with  a  few  tools  for  doing  such  work.  This  need 
has  been  partially  met  by  the  purchase  of  small  tool  chests,  made  after  our  own 
design,  and  fitted  with  the  ordinary  mechanics'  toola.  Twenty-live  sets  have  been 
distributed  to  the  larger  stations. 

The  introduction  of  self- registering  instruments  has  considerably  increased  the 
nnmber  of  batteries  needed  at  stations,  and,  with  a  view  of  providing  better  facili- 
ties in  this  connection  and  also  improving  the  furniture  of  the  offices,  designs  were 
drawn  up  during  the  year  of  a  compact  and  portable  form  of  battery  stand  of  suffi- 
cient capacity  to  answer  the  needs  of  first- order  stations.  These  were  so  arranged 
as  to  be  inclosed,  if  desired,  within  a  nicely  finished  stand  or  table,  upon  which  can 
be  placed  the  triple  registers  and  other  self-registering  instruments,  especially  those 
recording  electrically.  Suitable  drawers  provide  room  for  record  sheets,  pens,  ink, 
and  other  accessories  used  wlt4i  the  instruments ;  the  whole  being  well  fiiiished  and 
in  every  way  ornamental  as  a  piece  of  office  furniture.  The  contract  for  furnishing 
these  has  not  been  fulfilled  thus  far,  so  that  none  are  in  use  as  yet. 

The  cooperation  between  the  Cuban  and  the  United  States  Meteorological  Services 
rendered  the  intercom parisou  of  barometers  important,  and  through  the  court-esy  of 
Prof.  Luis  G.  Carbonelly  and  Dr.  Vines,  of  Havana,  comparisons  were  made  with  the 
standards  of  both  the  Naval  Observatory  of  Cuba  and  that  of  the  Royal  College  of  He- 
len. The  actual  comparisons  were  intrusted  to  Sergeaut  H.  B.  Boyer,  the  observer 
in  charge  of  the  station  at  Key  West,  Fla.,  and  were  executed  by  him  in  a  very  credit- 
able and  satisfactory  manner,  under  the  special  instructions  from  this  oflice.  A  new 
barometer  was  very  carefully  fitted  up  at  this  office  and  sent  to  Key  West  in  the 
usual  manner,  by  mail.  It  was  then  carried  to  Havana  by  Sergeant  Boyer  and  care- 
fully compared,  on  November  6  to  9, 1889,  with  both  the  Naval  Observatory  standard 
and  also  that  of  the  Royal  College  of  Helen.  The  two  Cuban  barometers,  as  determ- 
ined by  comparison  with  the  Signal  Service  barometer,  agree  almost  exactly,  the  dif- 
ference being  too  small  to  notice.  The  Signal  Service  barometer,  however,  seems  to 
read  a  trifle  higher  than  the  Cuban  standards,  the  difference  is  considered  to  beO.OOG 
inch. 

The  correspondence  growing  out  of  the  supervision  of  station  instmments  and  ex- 
posures, as  also  the  other  items  of  work,  is  now  prepared,  copied,  and  mailed  by  this 
division.  The  copying  and  mailing,  together  witn  all  indexing  and  similar  work  in- 
cidental to  this  correspondence  was,  previous  to  August  12, 1889,  done  by  the  corre- 
spondence division.  During  the  year,  1820  letters  were  sent  out,  including  809  circular 
letters. 

PURCHASE  ANP  ISSUE  OF  IN8TR0MBNT8. 

With  very  few  exceptions  all  instruments  and  supplies  are  purchased  in  the  nsnal 
manner  by  contract  with  the  lowest  bidder.  As  is  well  known  to  those  familiar  with 
the  operation  of  this  system,  it  presents  serious  difficulties  in  certain  casos  and  fre- 
quently leads  to  unsatisfactory  results,  especially  in  the  construction  of  new  and  com- 
plicated ipstrnments  and  the  purchase  of  special  supplies,  in  which  excellence  of 
quality  are  of  the  first  importance. 

Full  and  complete  specifications  and  drawings  originate  with  this  division,  and  rep- 
resent a  large  amount  of  work  and  study. 

It  is  believed  the  shipment  from  this  office  of  the  large  number  of  instruments  of  a 
fragile  character  is  attended  with,  in  general,  the  most  satisfactory  results  in  respect 
to  breakage  and  damage  in  transportatiou.  The  loss  from  this  cause  is  only  a  very 
small  one,  and  ever^'  effort  has  been  exerted  to  keep  it  at  a  minimum.  With  the  ex- 
ception of  the  largest  and  heaviest  instruments,  shippients  are,  in  general,  made  either 
by  registered  mail  or  through  the  agency  of  the  Railway  Mail  Service.  This  latter  is 
considered  as  affording  the  most  secure  and  safe  transmission.  Formerly  it  wasrar^y 
used  except  in  sending  instruments  out  from  this  office.  Within  the  year  arrange- 
ments have  been  made  by  which  instruments  returned  from  stations  may  also  be 
shipped  in  this  way.  The  large  and  increasing  number  of  voluntary  observers  re- 
ceiving supplies  indirectly  from  this  office  through  the  observers  in  charge  of  State 
centers,  makes  this  arrangement  of  special  value,  and  the  service  is  greatly  indebted 
to  the  Post-Office  authorities,  and  the  Superintendent  of  the  Railway  Mail  Service  in 
particular,  whose  personal  efforts  have  been  directed  towards  insuring  as  great  safety 
as  possible  in  the  transmission  of  our  instraments,  and  who  has  kiudly  aided  in  the 
extension  of  the  facilities  heretofore  enjoyed. 

The  proper  and  best  method  of  packing  our  instruments  has  also  been  specially 
considered  during  the  year,  and  this  branch  of  the  work  is  believed  to  be  in  a  state 
of  great  perfection. 
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The  table  below  indicates  the  Dumber  of  more  important  instraments  sent  to,  and 
retnmed  from,  stations: 


Anemometers j 

Barometers 

Barographs 

Snnshine  recorders 

Anemometer  registers 

Triple  registers 

Thermographs 

Telethermographs 

Thermometers  (all  kinds) 


Issned. 

Returned. 

97 

104 

88 

87 

34 

11 

20 

0 

53 

48 

15 

0 

24 

15 

6 

3 

1,021 

443 

In  many  cases  the  instruments  returned  to  this  office  are  defective,  or  otherwise 
unserviceable,  and  are  frequently  repaired  and  put  in  stock  for  issue.  In  the  case 
of  thermometers,  however,  only  good  ones  are  returned  to  this  office;  all  broken  or 
unservici'able  instruments  being  held  at  stations  to  be  condemned  and  destroyed  by 
inspectors. 

WORK  IN  MACHINE  SHOP. 

• 

This  work  is  of  the  greatest  variety,  being  largely  in  the  way  of  repair  of  anemome- 
ters, anemometer  registers,  thermographs,  barographs,  the  metal  parts  of  barometers, 
military  signaling  apparatus,  telephones,  telegraph  instruments,  typewriters,  etc., 
Whenever  practicable,  repair  work  is  done  outside,  by  contract,  but  in  general 
better  results  ate  secured  by  doing  it  at  this  office. 

All  anemometer  and  wind-vane  supports  furnished  stations  are  fitted  up  by  the 
machinists  to  suit  the  various  requirements,  and  are  then  turned  over  to  the  store- 
keeper, complete  for  shipment. 

In  addition,  a  Hniall  amoant  of  new  work  is  done  from  time  to  time  consisting  of 
the  construction  of  apparatus  and  devices  used  in  testing  other  instruments  and  ex- 
perimental study  or  the  development  of  improvements  in  instruments. 

Such  repairs  as  are  readily  classified  are  shown  in  the  following  table,  and  consti- 
tute an  important  part  of  the  work  done: 


« 

Instruments. 

Number 
Repaired. 

Instruments. 

Number 
Repaired. 

Anemometers 

99 

12 
45 

Self-recording  rain  gauges, 
adj  noted 

Barometers  ................... 

22 

ThermoGrranhs 

Air-pump 

1 

Anemometer  registers 

Among  the  special  instruments  and  devices  made  may  be  mentioned  a  qnadruplex 
register,  used  in  the  comparison  of  anemometers  in  the  open  air ;  the  records  of  four 
anemometers  being  made  side  by  side  on  the  same  sheet  of  paper.  Also  a  device  for 
measuring  vapor  pressures,  used  during  the  winter  by  Professor  Hazen.  Apparatus 
and  lamps  used  in  glass  blowing  were  also  mtide. 


PREPARATION  OF  BAROMETERS. 

The  Service  having  on  hand  an  excess  of  the  metallic  parts  of  barometers,  new 
instruments  have  not  been  purchased  for  some  years  past.  New  tubes  are  filled  and 
fitted  to  the  old  cases  wherever  necessary,  using  the  new  style  cistern  already  referred 
to.  These  barometers  are  then  carefully  compared  with  standards^  the  scales  adjusted 
as  nearly  correct  as  possible,  and  finally  the  corrections  for  instrumental  error 
accurately  determined.  No  pains  are  spared  in  this  work,  and  it  is  confidently  be- 
lieved that  the  quality  of  barometers  in  use  is  not  only  of  great  uniformity  but  of 
an  excellence  not  generally  attained  by  many  manufacturers. 

An  important  consideration  in  connection  with  the  accuracy  of  barometers  of  the 
size  now  used,  is  the  question  of  uniform  capillary  action.  The  methods  of  compari- 
son with  standards  at  this  office  eliminates  almost  entirely  these  errors  in  the  case  of 
instruments  used  at  stations  not  differing  much  in  elevation  from  Washington.    To 
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secnte  the  same  aecaracy  for  high  level  Btatioos,  artificial  codditions  of  low  pTesBiize 
are  neoessaryy  and  facilities  for  accurate  work  in  this  coDoection  are  not  at  hand.  "Hie 
question  has  engaged  my  attention,  however,  but  being  closely  occupied  with  other 
important  work,  only  a  few  preliminary  steps  have  thus  far  been  taken  in  this  mat- 
ter. 

COMPABISON  OP  THXBMOM1BTERS. 

The  rigid  system  of  comparison  to  which  all  thermometers  now  used  by  the  Serv- 
ice are  subjected,  not  only  determines  such  errors  in  graduations  as  aie  nnavoidably 
introduced,  bnt  in  connection  with  corresponding  requirements  of  oontractors  in  the 
purchase  of  new  instruments,  has  had  a  very  beneficial  influence  upon  mannfactnren 
of  the  highest  grade  thermometers.  The  skill  displayed  in  producing  large  num- 
bers of  instruments  whose  errors  of  graduation  rarely  exceed  one  or  two-tenths  of  a 
degree,  is  quite  remarkable,  considering  the  difficulties  in  the  way. 

During  the  year  about  1,600  thermometers  were  compared  as  follows :  At  intervals 
of  l(P,  about  1,000  minimum  and  mercurial  thermometers  (from — SO^  to  + 110°),  and 
about  325  maximum  thermometers  (from  'SSP  to  110°) ;  also  some  275  old,  misoellaneoitt 
thermometers  at  32°.  When  the  corrections,  at  32°,  for  these  old  thermometecs  were 
found  to  have  changed,  corresponding  new  corrections  were  computed  from  previous 
comparisons  for  other  points  of  the  soile. 

The  comparison  of  maximum  thermometers  at  temperatures  below  what  may  h^ 
pen  to  be  tne  air  temperature  at  the  time  of  comparison,  is  attended  with  the  diln- 
culty  of  forcing  the  mercurial  column  into  the  bulb  through  the  constriction  in  the 
tube.  For  a  single  thermometer  the  matter  is  very  simple ;  for  one  or  two  handled 
it  is  much  less  so.    An  exoelleut  device  for  facilitating  this  work  was  designed  and 

Eurchased  last  year ;  its  use  has  realized  every  expectation.  The  thermometers,  in 
unches  of  12,  are  attached  to  metal  plates,  which  are  placed  one  at  a  time  in  a  metal 
box  or  receptacle,  of  such  form  as  to  admit  of  packing  the  bulbs  and  a  portion  of  the 
stems  of  the  thermometers  in  chipped  ice.  Two  of  these  receptacles,  containing  to- 
gether 24  thermometers,  are  placed  respectively  upon  the  two  extremities  of  a  hori- 
zontal arm  supported  upon  a  vertical  axis  at  its  center.  A  handle  and  gearing  enable 
one  to  whirl  the  thermometers  while  thus  packed  in  ice  nntil  all  are  ''set,''  that  is, 
until  the  mercury  in  the  stem  has  united  with  that  in  the  bulb.  The  leoeptaolea  can 
then  be  removed  and  the  readings  of  the  thermometers  taken,  thus  furnishing  ^e 
correction  at  the  freezing  point.  After  this  the  thermometers  are  kept  in  cold  water 
until  the  comparisons  have  been  carried  above  the  air  temperature. 

For  the  comnarison  of  thermometers  for  northern  and  cold  stations,  espeolallv  min- 
imum thermometers,  considerable  difficulty  is  experienced  in  artificially  prodaoiog 
temperatures  lower  than  — 20°  F.  The  evaporation  of  liquid  anhydrous  ammonia 
is  capable  of  producing  such  a  temperature  in  a  most  satisfactory  manner,  and  liquid 
nitrous  oxide  can  be  used  for  temperatures  of  nearly  90°  below  zero.  The  use  of  thia 
latter,  however,  has  proved  to  be  exceedingly  troublesome  and  very  unoertiUn.  The 
liquid  is  ordinarily  nnder  a  pressure  of  several  hundred  pounds  per  square  inch,  and 
its  liberation  in  such  a  manner  as  to  utilize  the  latent  heat  of  evaporation  prasentB 
many  difficulties,  and  is  attended  with  the  greatest  uncertainty  and  some  little 
danger.  The  temperature  realized  is  quite  beyond  control,  sometimes  not  changing 
at  al),  and  again  frequently  falling  far  below  that  desired.  These  irregnlaritiee  are 
a  direct  consequence  of  the  attempt  to  evaporate  the  extremely  volatile  liquid  is 
the  open  air,  with  the  further  objection  that  the  more  or  less  valuable  i^emieal 
passes  entirely  beyond  recovery,  and  must  be  constantly  purchased  anew. 

The  utilization  of  the  latent  heat  of  evaporation  for  the  artificial  production  of 
very  low  temperatures  can  be  realized  in  the  most  elegant  and  economical  manner 
by  the  use  of  a  system  of  pumps  and  condensers,  that  operate  to  evaporate  and  xe* 
condense  the  volatile  liquid  employed.  Except  slight  losses  from  leakage,  etc., 
nothing  is  wasted  in  this  process,  and  the  low  temperature  is  simply  a  question  of 
the  expenditure,  in  accordance  with  beautiful  thermodynamic  principles,  of  a  certain 
number  of  foot-pounds  of  mechanical  energy,  a  quantity  subject  to  control  to  any 
desired  degree  of  nicety. 

Such  a  process,  carried  out  in  a  very  elaborate  manner,  has  been  need  by  If.  Pietet 
in  his  famous  experiments  of  the  liquefaction  of  oxygen.  A  rough  outline  of  a  sim- 
ilar apparatus,  suited  to  the  needs  of  the  Service,  was  prepared  during  the  winter 
and  submitted  to  the  manufacturers  of  M.  Pictet's  appliances,  with  a  view  of  ascer- 
taining the  feasibility  of  the  scheme,  its  probable  cost,  and  the  amount  of  power  re- 
quired to  operate  the  pumps.  It  is  found  that  the  present  arrangement  of  rooms  and 
tne  space  available  about  the  Instrument  Division  does  not  afford  a  suitable  place 
for  such  apparatus,  which  should  be  permanently  set  up  in  a  room  by  itself,  and 
arranged  to  be  operated  by  an  electric  motor  of  2  or  3  horse-power.  The  probable 
cost  of  the  whole  appliance  would  amount  to  less  than  |1,500,  and  oiioe  set  op  and 
put  in  successful  operation,  would  render  the  now  troublesome  comparison  of  ther« 

wowetere  ^X  9U  t^mperatareQ  Mow  ix^m^  n  very  eiro^l^  ^a  ms^  o^rfttios. 
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GARB  OF  STANDARD  AND  OTHER  IN8TRUMXNT8. 

With  the  oevr  instrument  cases  and  other  pieces  of  office  fnmitnre  received  during 
the  year  have  come  improved  fiicilities  for  the  care  of  the  supply  of  valuable  testing 
instruments  ttnd  the  standards  of  the  Service. 

The  special  self-registering  meteorological  instruments  have  been  put  in  thorough 
repair,  and  defects  in  the  mechanisms  remedied  before  setting  up. 

Attention  has  been  given  to  increasing  the  accuracy  of  the  records  from  self- regis- 
tering instruments.  Sufficient  attention  has  not  been  given  heretofore  to  the  cor- 
rectness of  the  ruling^s  of  the  various  printed  forms  used.  The  time  intervals,  as  also 
the  spaces  representing  the  phenomena  reoordedi  have  been  found  noticeably  irregu- 
lar and  at  fault.  In  some  measure  this  has  been  due  to  original  bad  ruling,  but  it  is 
also  attribntable  t-o  the  manipulation  of  the  paper  while  being  printed.  These  evils 
have  been  completely  remedied  by  procuring  new  engravings  on  stone  and  exer- 
cising certain  prf)cautions  during  the  subseonent  operations  of  printing.  The  en- 
gravings were  made  under  personal  supervision,  and  in  a  manner  that  secured  prac- 
tically perfect  equality  and  accuracy  of  spacings.  The  next  important  consideration 
has  been  to  produce  exact  printed  copies  of  the  original  engraving.  The  greatest 
error  has  heretofore  been  introduced  in  makins  the  ''transfer''  from  the  engraving 
to  the  stone  finally  used.  The  necessities  of  the  case  being  presented  to  the  lithog- 
rapher, he  was  at  once  able  to  make  the  roost  perfect  transfers.  With  the  exorcise, 
while  printing,  of  proper  care  in  respect  to  what  printers  term  '*  register,"  large 
numbers  of  the  forms  in  printed  sheets  can  be  struck  off,  and  afterwards  stacked  up 
and  at  once  trimmed  with  great  precision  to  accurately  tit  the  various  registering 
instruments,  thus  avoiding  the  necessity  of  trimming  each  sheet  separately  by  hand, 
as  has  been  generally  done. 

Some  instruments  still  need  new  engravings  that  it  is  contemplated  to  pxoonre 
after  the  present  supply  of  forms  is  exhausted. 

BXPEROfRNTAL  STUDIES. 

The  work  which  has  been  discussed  above  may  be  considered  as  constituting  the 
essential  and  characteristic  work  of  the  Instrument  Division,  and  its  supervision.  This, 
if  it  receives  the  attention  it  needs,  not  only  occupies  the  time  during  the  day 
of  the  one  in  charge,  but  the  development  and  improvement  of  instruments  and 
methods  forms  an  aidditional  subject  that  requires  and  receives  a  large  amount  of 
study  and  consideration.  The  official  in  charge,  therefore,  in  attempting  to  carry 
OD  any  work  of  original  experimental  investigation,  except  of  the  most  trivial  ana 
ordinary  character,  is  at  once  embarrassed  and  discouraged  by  the  serious  interfer- 
ence of  the  two  classes  of  work  and  the  necessity  of  laying  aside  or  neglecting,  in 
greater  or  less  degree,  many  important  considerations.  As  the  advancement  of 
meteorology  as  a  science  depends  in  a  large  measure  upon  the  progress  of  experi* 
mental  research  and  investigation,  this  latter  merits  every  encouragement  that  can 
b^  given  it.  Under  the  circumstances  very  satisfactory  progress  has  been  n^ade  in 
certain  lines  of  experimental  work  taken  up  during  the  past  year,  and  others  have 
been  studied  only  in  a  limited  degree.  Among  the  latter  may  be  mentioned  the  phe- 
nomenon of  the  pulsatory  or  harmonic  motion  of  the  mercurial  columns  of  ordinary 
thermometers,  subject  to  the  influence  of  steadily  changing  temperatures,  The  ques- 
tion has  received  considerable  attention  of  late  and  has  an  important  bearing  upon 
accurate  temperature  observations  and  the  comparison  of  thermometers.  In  this  re- 
spect, however,  the  investigations,  made  under  conditions  similar  to  those  of  the  com- 
parison of  thermometers,  indicated  in  a  conclusive  manner  that  the  magnitude  of 
the  pulsations,  if  they  existed  at  all,  was  quite  inappreciable ;  that  is,  less  than  0.05^ 
P.  The  ooosiaerable  time  required  made  it  imi)08Sible  to  extend  the  experiments  to 
other  conditions  that,  it  is  represented,  are  more  favorable  to  the  development  of 
the  phenomena. 

An  effort  was  also  made  to  take  up  a  study  of  the  accuracy  and  reliability  of  the 
bimetallic  thermometers  now  being  used  somewhat  extensively.  The  method  employed 
is  considered  a  very  beautiful  one,  in  that  the  magnification  of  the  motion  of  the 
bimetallic  system  is  effected  by  the  use  of  mirrors  and  completely  eliminates  any  ques- 
tion of  friction  of  mechanical  mechanisms.  The  results  obtained  were  fairly  favora- 
ble, though  the  examination  extended  over  too  short  a  time  to  warrant  definite  con- 
clusions. 

The  more  important  experimental  studies  were  in  connection  with  the  questions  of 
the  accurate  measurement  of  wind  velocities,  the  measurement  of  wind  pressures  at 
high  velooities,  and  the  determination  of  the  moisture  contents  of  the  air  at  low 
temperatures. 

A  discussion  of  unemometer  und  wind-pressure  experiments  is  given  in  Appendix  95, 
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HUMIDITY  MEASDRBMBin'S. 

The  last  qnestion  mentioned  above,  viz,  the  accurate  measurement  of  the  moisture 
contents  of  the  air  at  low  temperatores*  requires  two  separate  and  independent  inves- 
tigations ;  first,  the  mcasnrement  of  the  maximum  pressure  of  aqueous  vapor  at  all 
low  temperatures,  and,  second,  the  determination  of  the  psychrometer  constants  at 
low  temperatures. 

As  the  latter  Investigation  could  only  be  carried  on  in  a  locality  the  air  tempera- 
ture of  which  is  particularly  low,  arrangements  were  made  for  conducting  the  experi- 
ments in  northwestern  Minnesota.  Professor  Hazen  undertook  this  difficult  task,  and 
advantage  was  taken  of  theM>pportunity  to  also  make  observations  upon  the  vapor 
'  pressure,  a  portable  apparatus  being  devised  for  this  purpose.  The  results  of  Fro- 
fessor  Hazen's  experiments  are  giveu  in  his  own  report,  which  follows  below. 

Before  describiug  what  has  been  doue  at  this  office  in  the  study  of  the  max  imam 
pressures  of  aqueous  vapor  it  is  desired  to  refer  briefly  to  the  values  heretofoie  used. 
The  results  of  the  elaborate  and  skillfully  conducted  series  of  experiments  of  M.  Reg- 
nault  at  once  took  precedence  of  all  other  determinations  and. are  at  present  the  almost 
universally  recognized  values.  Some  errors  in  the  tabnlation  of  bis  experiments  Were 
made  by  M.  Regnault  and  were  afterwards  pointed  out  and  corrected  by  Moritz. 
These  values  were  again  correcte<i  in  order  to  reduce  Regnault^s  temperatures  to  the 
normal  temperatures  of  the  International  Bureau  of  Weights  and  Measures,  and  to 
reduce  the  mercurial  pressures  to  normal  pressures  under  standard  gravity  at  sea 
level.  Thistcorrection  and  recomputation  of  tables  by  a  new  formula  was  made  by 
Dr.  O.  J.  Broch.  (See  Travaux  et  M^moires  du  Bureau  International  des  Poids  et 
Mesures,  Tome  I.) 

The  humidity  tables  used  by  the  Signal  Service  since  IQHQ  have  been  based  upon 
Broch's  values.  The  lowest  temperatures  observed  by  Regnault  were  about ~^i^  F., 
and  the  extension  of  the  tables  considerably  below  this  point,  as  is  required  by 
the  meteorological  conditions  of  the  Northwestern  and  other  portions  of  this  coun- 
try, leads  to  great  uncertainties.  This  nucertainty  becomes  still  greater  when  it  js 
noticed  how  very  poorly  Broch's  tabular  values  agree  with  Regnault's  observations 
at  temperatures  below  (P  C.  The  tabular  values  are  almost  without  exception  10 
per  cent,  or  more  higher  than  the  observations  lu  undertaking  the  direct  observa- 
tion of  the  vapor  pressure  at  low  temperatures  it  was  intended  simply  to  extend 
Regnanlt's  work.  Experience  has  shawn,  however,  that  it  is  impossible  thus  far  to 
obtain  the  same  values  as  Regnault  at  temperatures  either  above  or  below  freezing. 
With  the  exception  of  the  results  obtained  by  Professor  Hazen,  the  observations  at 
the  temperature  of  melting  ice  have  agreed  exactly  with  those  of  Regnault.  At  lower 
temperatures  the  valuea  are  uniformly  lower  thau  Regnault.  Before  any  explanat ion 
is  offered  for  this  it  will  be  necessary  to  describe  somewhat  the  methods  used.  Reg- 
nault's  apparatus  and  methods  are  very  fully  described  in  the  account  of  his  experi- 
ments, from  which  it  seems  that  while  his  observations  above  3^  were  mskde  with 
several  different  kinds  of  apparatus,  yet  those  below  the  freezing  point  depend  en- 
tirely upon  one  instrument,  and,  so  far  as  can  be  learned,  the  three  series  of  experi- 
ments were  simply  repetitions  of  observations  with  exactly  the  same  apparatus 
This  consisted  of  two  barometer  tubes,  14  millimeters  inside  diameter,  attached  side 
by  side  to  a  suitable  support  and  dipping  into  the  same  cup  of  mercury.  One  of  the 
tubes  was  filled  in  the  very  best  possible  manner  as  a  barometer,  and  was  frequently 
compared  with  a  standard.  The  other  tube  was  connected  at  the  top  by  a  honzOntal 
tube,  the  outer  portion  of  which  was  bent  downward  and  carried  at  the  extremity  a 
large  bulb  of  about  500  cubic  centimeters  capacity.  This  bulb  could  be  surrounded 
by  a  bath  of  chloride  of  calcium  and  chipped  ice,  or  other  freezing  mixture,  for  pro- 
duciug  the  desired  low  temperatures.  Tne  horizontal  tube,  between  the  bulb  and 
the  barometer  tube,  was  provided  with  an  outlet  to  which  an  air  pump  was  attached. 
After  drying  the  apparatus  the  best  possible  vacuum  was  produced  ainl  the  air  pnmp 
cut  off  by  fusing  the  glass  tube  just  at  the  outlet.  There  was  previously  introduceu 
into  the  large  bulb  a  small  sealed  glass  capsule,  so  nearly  full  of  thoroughly  boiled 
pure  water  that  the  application  of  a  slight  amount  of  heat  would  cause  tho  expansion 
of  the  water  and  the  fracture  of  the  capsule,  thus  filling  the  apparatus  with  vapor 
and  providing  a  small  excess  of  water. 

The  air  pump  used  was  imperfect,  and  a  small  quantity  of  air  was  always  left  in 
the  bulb  and  tube.  This  was  carefully  measured  before  breaking  the  capsule  of 
water  by  packing  the  bulb  and  stem  in  ice  and  noting  the  difference  in  the  heights 
of  the  m<^rcury  columns.  The  amount  of  this  air  is  not  definitely  stated,  but  is  ^iven 
generally  as  about  1  milliuietre.  A  computation  of  the  pressure  exerted  by  this  air 
at  different  temperatures  of  the  bulb  is  afterwards  made  and  applied  to  the  corre- 
sponding observations;  the  result,  after  correctiug  for  the  temperature  of  the 
mercury,  being  the  pressure  of  the  aqueous  vapor.  Uncertainties  in  the  value  of 
this  conrection  for  vacua  m,  amounting  to  at  least  several  hundredths  of  a  millimetre 


REPORT   OF   THE   CHIEF  SIGNAL   OFFICER.  657 

are  quite  probable,  and  would  seriously  affect  the  results  at  low  temperatures. 
Again,  the  two  mercurial  columns  are  so  long  that  differences  of  a  few  tenths  of  a 
degree  in  their  mean  temperatures  would  easily  lead  to  errors  of  nearly  a  tenth  of  a 
millimetre  in  the  vapor  pressure.  Modem  appliances  make  it  possible  to  produce  a 
very  much  more  perfect  vacuum  than  that  obtained  by  Regnault,  and  a  row  impor- 
tant modifications  of  his  apparatus  eliminates  various  small  errors  that  are  of  the  great- 
est importance  at  the  lowest  temperatures.  The  apparatus  devised  for  the  purpose  of 
the  present  investigation  has  been  prepared  with  several  modifications,  but  its  esscQ- 
tial  and  peculiar  feature  consists  in  Joining  the  two  barometer  tubes  so  as  to  form  a 
U  tube  instead  of  dipping  the  two  lower  open  ends  in  a  cup  of  mercury,  itself  open  to 
the  air.  With  this  arrangement  not  only  the  effects  of  the  atmospheric  pressure  are 
perfectly  eliminated,  but  the  mercurial  columns  need  not  be  more  than  6  or  7  centi- 
metres long,  and  the  liability  of  error  due  to  unequal  temperatures  of  the  mercury 
in  the  two  arms  lessened  tenfold  or  more.  Again,  the  device  is  compact,  and,  in 
addition  to  being  portable,  is,  with  reasonable  care,  perfectly  permanent  in  its  char- 
acter and  can  be  used  at  any  time.  One  branch  of  the  U|  it  is  understood,  is  extended 
horizontally  at  the  top  and  again  beiit  downward  with  a  bulb  at  the  end  for  contain- 
ing the  necessary  amount  of  water.  In  the  instrument  used  by  Pruiessor  Haxen  the 
bulb  was  about  4  centimetres  in  diameter  and  was  Joined  to  the  top  of  the  U  by  only 
a  short  neck,  the  internal  diameter  of  the  branches  of  the  U  being  oetween  13  and  14 
millimetres.  The  metallic  framework  supporting  the  tube  was  fitted  with  two 
sliding  collars  that  could  be  adjusted  to  the  tops  of  the  mercurial  columns,  exactly 
the  same  as  in  ordinary  mercurial  barometers  of  good  construction.  A  finely- 
engraved  millimetre  scale  was  connected  with  the  collar  encircling  the  "wet" 
branch  of  the  U  (as  the  tube  with  the  bulb  attached  and  containing  the  vapor  will  be 
termed) ;  similarly  the  collar  around  the  *'  dry ''  branch  had  Joined,  and  moving 
with  it  the  vernier  to  match  the  above  scale.  The  smallest  count  of  the  vernier  was 
0.02  millimetre^  and  the  engraving  of  the  scale  was  sufficiently  well  done  to  admit 
of  the  subdivision  of  this  so  far  as  to  read  0.005  millimetres  if  necessary. 

The  filllnjp;  of  this  apparatus,  which  was  the  first  one  made  up,  as,  in  fact  the  con- 
struction of  several  others  afterwards,  proved  more  difficult  than  was  at.  first  im- 
agined, owing,  principally  to  inexperience  in  the  peculiar  work  and  especially  to  the 
lack  of  necessary  skill  in  glass-blowing,  no  assistance  whatever  of  this  kind  being 
available.  Moreover,  the  only  air  pump  available  at  first  was  a«yery  ordinary  bar- 
rel pump  incapable  of  producing  a  vacuum  of  much  less  than  a  centimetre.  In  order 
to  perfectly  exhaust  the  tube  with  such  appliances,  the  mercury  to  be  retained  in  the 
tube  was  made  to  aid  in  completing  the  vacuum.  The  bulb  terminated  in  a  fine 
capillary  tube :  the  other  extremity  of  the  apparatus  was  connected  through  a  capil- 
lary tube  to  a  bulb  of  about  twice  the  capacity  of  the  first  bulb  and  thence  to  the 
pump.  After  carefullv  drying,  every  part  of  the  apparatus  was  filled  with  pure  mer- 
cury drawn  in  through  the  bulb  end  and  in  such  a  manner  as  to  exclude  ad  the  air. 
Owing  to  the  several  bends  it  was  necessaiv  to  turn  the  tube  into  different  positions 
as  the  mercury  advanced.  When  entirely  filled  with  mercury  including  more  or  less 
of  the  capillary  tube  on  the  side  next  the  pump,  a  small  quantity  of  thoroughly 
boiled,  distilled  water  was  drawn  in  after  the  mercury.  The  oapillaiy  tube  from  the 
bulb  was  then  fused  without  admitting  air.  The  whole  device  at  this  stage  is  filled 
with  mercury  and  water.  By  placing  the  tube  in  the  proper  position  and  producing 
a  vacuum  in  front  of  it,  the  mercury,  or  as  much  of  it  as  may  be  desired,  can  be 
drawn  off,  leaving,  except  the  vapor  of  water  a  perfect  vacuum  behind  it.  At  the 
proper  time  the  capillary  tube  next  the  pump  is  fused,  and  the  apparatus  is  practi- 
cally complete.  This  simple  statement  gives  a  very  poor  idea  of  the  many  details 
and  the  extreme  care  required  to  successfuUy  complete  the  process.  Moreover,  sub- 
sequent examination  showed  that  the  vacuum  produced  was  not  as  good  as  it  seemed 
reasonable  to  expect.  In  using  the  apparatus  the  central  stem  was  held  by  supports 
at  the  top  and  bottom  in  such  a  manner  as  to  be  capable  •of  rotation  about  a  nxed 
axis,  which  could  be  brought  into  a  strictly  verticid  position  by  adjusting  screws. 
Thus  arranged  the  errors  of  verticality  are  very  small,  and  almost  entir^y,  if  not 
perfectly,  eliminated  by  taking  the  mean  of  two  readings  with  the  U-tubes  in  posi- 
tions 180^  different. 

Some  of  the  discrepancies  in  the  results  obtained  by  Professor  Hazen  may  possibly 
be  traced  to  imperfections  in  respect  to  the  vacuum.  Much  better  results  were  after- 
wards secured  by  the  use  ot  a  specially  constructed  Sprengel  pump.  All  Joints  and 
connections  of  the  apparatus  must  be  by  the  fusion  of  glass  tube,  and  many  delays 
and  failures  have  arisen  from  need  of  greater  skill  in  glass  work.  When  using  the 
Sprengel  pump  the  water  is  first  inclosed  in  a  sealed  tube,  and  this,  of  course,  must 
be  perfectly  free  of  air.  As  the  experiments  progressed  many  difficodties  and  sources 
of  error  were  discovered  and  required  consiaerable  study-  and  investigation.  The 
most  satisfactory  results  in  respect  to  the  proper  methods  of  constructing  and  pre- 
paring such  apparatus  have  been  developed  and  perfected, 
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Aa  stated  above,  the  pressuree  thus  far  observed  are  noticeably  different  from  those 
of  Regnaolt,  ezoept  at  the  freezinc  point,  where  the  agreement  may  be  said  to  be  per- 
fect If  this  diflferenoe  is  confirmed  by  observations  yet  to  be  made  it  io  probable  the 
whole  table  of  vapor  iiressares  will  require  modification. 

As  soon  as  oppoitunity  permits,  it  is  contemplated  to  set  np  an  apparatus  exactly 
like  that  used  by  Begnanlt,  and  reprodace,  as  nearly  as  possible,  his  condition^  and 
determine  what  differences,  if  any,  may  be  dne  to  different  meihods. 

The  U-tnbe  device  is  also  capable  of  a  further  important  modification,  by  which 
the  d^erenceB  of  the  vapor  pressures  at  two  different  temperatures  are  measured. 
For  this  both  branches  of  the  U  are  connected  with  bulbs.  In  filling  the  apparatus 
the  water  is  first  admitted  to  one  bulb  only.  Aftor  complete  observations  have  been 
made  under  this  condition,  the  apparatus  is  laid  on  its  side  so  that  the  two  bulbs  are 
in  free  communication,  and  a  portion  of  the  water  distilled  from  one  to  the  other. 
When  erect  and  at  the  same  temperature  the  mercury  columns  should  be  level.  One 
bulb  is  then  packed  in  chipped  ice  and  the  other  bulb  exposed  to  any  temperature  it 
may  be  desirod  to  observe,  the  result  being  the  difference  in  the  pressures  fo^the  two 
temperatures.  The  bulbs  can  also  be  interchanged.  It  is  believed  resulto  of  the 
greatest  value  are  to  be  derived  in  this  way.  One  tube  constructed  for  such  ex- 
perimente  accidentally  broke  after  observations  in  the  first  condition  were  made. 

It  has  been  impossible  to  more  than  outline  here  the  large  amount  of  work  that  fasa 
been  done  in  this  connection.  Many  highly  interesting  and  important  details,  as 
also  a  considerable  number  of  observations,  are  reserved  for  a  subsequent  report.  It 
is  believed  that  the  many  difficulties  experienced  at  first  in  the  preparation  of  the 
tubes,  of  the  great  perfection  required,  and  the  delays  incident  to  the  arrangement  in 
the  most  appropriate  manner  of  the  various  accessories  employed,  have  h11  oeen  suc- 
cessfully disposed  of.  The  sources  of  error  being  also  traced  out  and  eliminated  or 
made  subject  to  determination,  the  remainder  of  the  work  will  be  confined  principally 
to  observations,  one  or  two  more  tubes  of  the  latest  pattern  only  being  needed. 

EXPBRIMBKT8  IK  MINKESOTA  BT  AS8T.  PROF.  H.  A.  HAZBK. 

Forthe  purpose  of  extending  Begnault's  vapor  pressures  to  temperatures  below — fSP 
F.,  and  de^rmining,  if  possiiile,  the  relation  between  the  sling  psychrometer  and 
Regnanlt's  condensing  hygrometer  for  temperatures  below  32^  F.,  three  months  (Jan- 
uary, February,  and  March,  1890)  were  f»pent  in  Minnesota.  By  the  eonrte«y  of  Carle 
ton  College,  at  Northfield,  two  rooms  were  set  apart  for  carrying  on  this  work  in 
connection  with  the  chemical  laboratory.  Every  facility  was  extended  by  the  col- 
leffc  in  these  experiments,  and  this  assistance  deserves  commendation.  The  month 
orMarch  was  spent  in  St.  Vincent,  where  much  lower  tetuperatnres  were  expe- 
rienced ;  on  four  successive  days  the  tomperatnre  reached  -«30^  F. 

VAPOB  PBBSBUiai  BBSULTS. 

The  apparatus  for  these  experimente  was  devised  b^  Professor  Marvin  and  has 
been  described  by  him  (see  p.  657).  In  most  respecte  it  was  admirably  adapted  for 
this  work,  and  the  method  of  observation  was  especially  satisfactory  although  the 
constanto  of  the  apparatus  have  not  been  completely  settled  as  yet.  It  was  the  in- 
tention to  make  tbe  readings  in  the  open  air  and  without  a  bath,  but  a  very  short 
time  sufiSced  to  show  that  it  would  be  practically  impossible  to  obtain  the  tem- 
perature of  the  vapor  in  the  large  bulb  by  a  thermometer  placed  against  it  on  the 
ontoide,  or  even  by  having  another  bulb  exactly  like  it  containing  a  thermometer 
suspended  close  by.  After  a  few  trials  a  pocket  or  bag  of  <' rubber  dam  "  was  fitted 
around  the  bulb,  and  in  this  a  bath  of  water  or  a  freezing  mixture  could  be  easily 
placed  and  manipulated  by  a  rod  or  the  hand  on  the  outeide.  In  some  of  the  exper- 
imente undertaken  to  determine  the  effect  of  a  slowly  changing  temperature  upon 
the  lagging  of  the  bulb,  the  change  was  made  either  by  manipulating  with  the  warm 
hand  for  a  rising  temperature  or  with  a  test  tube  full  of  snow  for  a  falling  tempera- 
ture. When  tbe  temperature  was  below  freezing  the  ''rubber  dam"  was  cooled 
slowly  by  pouring  a  few  drops  of  ether  upon  it. 

After  a  few  experiments  at  freezing  it  was  found  that  this  device  was  not  entirely 
reliable,  and  a  bath  with  two  tin  vessels  was  then  arranged,  and  this  gave  perfect 
satisfaction.  Most  of  the  results  finally  adopted  were  obtained  with  this  improved 
bath. 

The  following  were  some  of  the  difficulties  encountered  and  researches  instituted 
in  order  to  determine  the  errors  and  constanto  of  this  apparatus : 

(1)  The  apparai  us  for  hours  at  a  time  would  take  a  "set,"  so  to  speak ;  that  is.  no 
possible  changes  that  could  be  devised  affected  the  result,  which  would  sometiines 
have  ^  constant  difference  of  0,06  or  0.07  ipillimetre  from  that  previously  determined* 
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(2)  While  the  meniscns  on  the  Taonnm  side  kept  well  rounded  under  oU  conditions 
of  ruing  or  falling  temperature,  it  was  far  otherwiae  on  the  moisture  side.  If  the 
temperature  were  rising  this  meniscus  became  very  much  flattened  and  it  was  found 
practically  impossible,  by  any  rough  usage,  tapping,  or  shaking,  within  safe  limits  to 
prevent  or  remove  this  flattening.  The  method  finally  resorted  to  was  to  tip  up  the 
whole  apparatus  on  the  bulb  side  and  then 'gently  let  it  down;  this  would  give  a  well 
roundea  meniscus.  This  operation  would  generally  make  the  vapor  pressure  about 
0.03  millimetre  greater  than  with  a  flat  meniscus.  In  the  flnal  results  this  error  has 
been  corrected  ror  as  far  as  possible. 

(3)  It  was  found  that  the  results  at  freezing  were  uniform  and  directly  compar- 
able at  any  given  temperature  of  the  apparatus,  but  when  an  attempt  was  made 
to.  compare  observations  with  an  outside  temperature  of  33^  with  others  at  70^  it  ap- 
peared that  the  latter  were  invariably  lower.  Most  carefal  observations  were  made 
with  the  bulb  in  melcinff  snow  and  the  outside  temperature  ranging  from  33^  to  i}29 
with  the  following  zesuit. 

Vapor  pre$twre  at  32^  m.m. 
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This  was  verv  unexpected  and  entirely  contrary  to  what  theory  would  indicate. 
The  presence  of  air  in  the  vacuum  would  account  for  a  very  small  part  of  this  but 
only  a  tithe  of  it.  A  series  of  experiments  at  temperatures  below  freezing  showed 
that  the  same  law  Wks  true  with  this  apparatus,  that  is,  the  result  with  a  tempera- 
ture of  apparatus  above  that  of  the  bath  was  always  lower  than  when  the  bath  and 
apparatus  were  at  the  same  temperature.  In  the  final  summing  no  and  table  of  re- 
sults the  values  have  been  reduced,  as  far  as  could  be  done  satisfactorily,  to  the 
temperature  of  the  bath.  At  the  lowest  temperatures  which  were  30°  or  40°  below  the 
outside  reading,  there  is  probably  a  still  outstanding  correction,  but  it  is  exceed Insly 
small  not  more  than  -f  0.01  or  0.02  millimetre.  It  Is  probable  that  there  is  a  regular 
error,  if  any,  in  these  results  and,  if  three  or  four  points  on  the  curve  can  be  round 
absolutely  oy  other  apparatus,  a  correction  can  be  obtained  which  will  make  this 
table  available  throoghont  its  extent. 

(4)  The  lowest  temperature  was  obtained  by  using  snow  and  chloride  of  calcium, 
there  being  no  difficulty  in  obtaining  a  result  as  low  as  —b2^  F.,  although  with  the 
chloride  and  snow  used  it  was  plainly  manifest  that  the  proportions  given  by* most 
authorities  allow  too  little  snow,  as  it  was  found  possible  to  lower  the  temperature 
several  times  to  the  lowest  point  by  simply  adding  snow  after  the  temperature  had 
risen  20^  to  30^. 

(5)  The  simplest  and  easiest  value  to  obtain  was  at  32^,  and  this  was  found  to  be 
4.40  millimetres  or  .20  millimetre  lower  than  the  corresponding  value  by  Etegnault. 
This  might  be  due  to  air  or  moisture  or  both  on  the  vacuum  sme  of  the-  apparatus, 
although  the  amount  seems  excessive.  It  is  evident  that  this  is  altogether  too  small 
an  amount  to  satisfy  and  correct  the  discrepancies  found  under  the  third  head  above. 
If  this  is  a  veritable  correction,  due  to  air  in  the  vacuum,  there  will  be  needed  a  cor- 
rection of  about  -f  .17  millimetre  at  the  lowest  temperature  in  the  table,  — 52^.  It 
has  been  deemed  advisable  not  to  apply  this  correction,  but  to  give  the  results  as 
measured  wiihout  it. 

(6)  Investigation  was  made  to  determine  the  effect  of  water  on  the  mercury  column 
in  changing  the  reading,  and  it  was  found  that  the  column  was  depressed  .06  milli- 
metre or  a  correction  of -f  .05  was  needed  to  the  reading  to  allow  for  the  presence  of 
the  water  or  for  the  capillary  action  of  the  water.  It  seems  probable  that  the  pres- 
ence of  the  yapor  on  tne  bulb  side  would  have  an  exceedingly  slight  eflfect  on  the 
reading,  but  this  must  l>e  well-nigh  inappreciable.  If  there  is  any  effect  of  this  kind, 
it  might  help  in  explaining  the  results  under  the  third  head. 

(7)  A  senes  of  experiments  with  slowly  rising,  stationary^  and  slowly  falling 
temperature  for  the  bulb  gave  too  low  a  result  by  about  .04  millimetre  in  the  first 
case,  but  exactly  the  same  with  the  two  last  methods.  This  was  probably  due  to  a 
faulty  meniscus  with  slowly  rising  temperature. 

The  accompanying  table  gives  a  summary  of  all  the  observations  with  the  vapor- 
pressure  apparatus.  It  should  be  noted  that  these  results  are  not  to  be  regarded  as 
absolute,  but  simply  as  showing  the  general  trend  of  the  cnrve,and  requiring  a  slight 
modification  at  various  points,  owing  to  the  fact  that  all  the  constants  of  the  appara- 
tus have  not  been  determined.  The  column  headed  "  Vapor  pressure,  Be^ault."  is 
made  up  fh>m  Regnault's  original  observations  as  published,  and  is  not  taken  from 
the  computed  lesults. 
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RXLATIOir  or  TBS  DBW  FOIST  TO  TBS  OfDICATlORB  OF  THB  8UN0  PSTCHBOSCCTBB. 

Almost  the  first  obseryation  ffare  the  following  result,  determined  after  making  the 
most  oarefiil  preparations,  ana  with  all  apparatus  in  excellent  condition: 

Dew  point ^ —24.20 

Dry — ie.50 

Wet — I6.I0 

This  result  showing  dry  .4^  lower  than  wet  was  very  unsatisfactory,  but  it  had  been 
foreshadowed  as  early  as  1885.  (See  Professional  Paper  XVIII,  p.  28.)  It  was 
plain,  that  the  air  was  nearly  saturated  and  that  the  wet  bulb  reading  was  yitiated 
by  the  contraction  of  the  ice  on  the  wet  bulb.  The  amount  of  this  contraction  could 
be  measured  quite  accurately  by  dipping  the  ice-covered  bulb  and  a  bare  bulb  in  a 
bottle  of  mercury  kept  at  the  air  temperature.  In  this  case  no  evaporation  could  take 
place  ftom  the  ice,  and  hence  the  contraction  was  determined  by  simjply  comparing 
the  thermometers  in  the  bath.  It  was  hoped  that  the  amount  of  this  contraction 
once  determined  for  any  bulb  would  remain  constant  for  that  bulb,  but  it  was  found 
impossible  to  wet  a  bulb  twice  in  succession  and  make  the  ice  sufflcientlv  uniform  to 
give  the  same  contraction.  The  amount  of  the  contraction  depended  on  the  thickness 
of  the  ice.  The  amount  of  the  contraction  with  thick  ice  exceeded  1^.  It  was  found 
necessarv  to  measure  the  contraction  for  every  observation  and  apply  it  as  a  correc- 
tion to  uie  wet  bulb.  It  was  quickly  found  that  under  certain  conditions  comparable 
results  could  not  be  obtained,  and  that  it  was  very  necessary  to  always  have  tne  tem- 
perature of  the  ice-covered  bulb  steadily  fall  from  the  beginning  to  the  end.  If  the 
temperature  rose  at  all,  the  ice  seemed  to  take  a  set  and  the  pressure  was  released  from 
the  Dulb.    After  all  tiiese  conditions  were  fulfilled  it  was  possible  to  obtain  fairly  com- 

g  arable  results.  A  slight  residual  discrepancy,  arising  from  the  use  of  different-sized 
ulbs,  seemed  to  arise  from  a  slight  difierence  in  the  evaporation. 

An  attempt  was  made  to  remove  the  difficulty  firom  this  contraction,  as  the  opera- 
tion of  getting  the  contraction  at  each  observation  was  exceedingly  laborious  and 
quite  delicate  for  good  results,  certainly  entirely  out  of  the  question  in  ordinary 
meteorological  observations.  If  the  contraction  were  uniform  its  effect  could  be 
allowed  for,  but  even  stripping  off  the  muslin  and  wetting  the  bare  bulb  did  not  give 
a  uniform  contraction.  It  was  thought  that  by  mixing  water  with  alcohol  and  wet- 
ting the  bulb  the  alcohol  could  be  evaporated  off,  leaving  so  thin  a  film  of  ice  that 
its  contraction  would  be  inappreciable.  On  trying  the  experiment  it  was  found  that 
the  compound  was  more  or  less  stable,  and  while  it  did  not  freeze,  yet  the  alcohol  did 
not  evaporate  away  as  expected.  It  was  also  found  that  the  contraction  was  entirely 
eliminated  and  that  a  faurly  satisfiictory  result  could  always  be  obtained.  At  the 
first  100  swings  or  whirls  the  diffDrence  between  the  dry  and  wet  was  slightly  too 
great,  .5^  to  1^,  but  after  that  the  result  was  exactly  correct,  and  it  was  only  aftor  200 
or  300  whirls  that  the  differencebecame  slightly  too  small,  owing  apparently  to  a  nearly 
complete  evaporation  of  the  water.  This  method  I  regud  as  good  and  far  preferable 
to  the  ice-covered  bulb,  which  can  never  give  an  accurate  result  below  2(^'  F.  The 
method  requires  great  care  in  its  use  for  accurate  results,  and  I  accordingly  sought 
other  means  of  accomplishing  the  same  purpose,  i.  «.,  of  preventing  the  contraction 
of  the  ice  from  affecting  the  reading. 

If  a  very  thin,  film  of  some  substance  impervious  to  water  could  be  first  placed  on 
the  bulb  and  that  covered  with  muslin  and  wetted,  the  thin  coat  would  take  up  the 
contraction,  and  no  effect  wonld  be  produced  on  the  reading.  Mo  such  substance 
could  be  found  in  the  town,  and  I  was  unable  to  dissolve  rubber  in  disulphide  of  car- 
bon, so  I  was  forced  to  use  a  covering  of  the  ''rubber  dam"  which  had  done  duty 
before.  This  substance  was  much  thi^er  than  I  wished,  and  if  it  had  failed  it  would 
not  have  shown  that  the  plan  was  impracticable.  The  "rubber  dam"  proved  per- 
fectly satisfactory,  and  there  was  little  difficulty  in  getting  comparable  results  by 
the  three  methods— first,  plain  ice  in  a  mercury  bath ;  second,  water  and  alcohol ; 
third,  ice  and  "  rubber  dam." 

It  has  been  objected  that  the  ''rubber  dam"  would  cause  so  serious  a  lagging  that 
the  bulb  could  not  be  cooled  down  as  low  as  it  should.  This  objection,  however,  does 
not  hold,  for  not  only  was  the  result  accurate  at  very  low  temperatures  as  compared 
with  the  contraction  of  the  ice  measured  in  a  bath  of  mercury,  but  I  could  set  the 
same  result  in  a  room  where  the  temperature  was  above  fireezing  with  the  orainary 
wet  bulb,  and  with  the  wet  bulb  having  the  "rubber  dam"  underneath  the  muslin. 
In  this  case  the  only  precaution  needed  was  to  wet  the  bulb  having  the  "dam"  with 
water  whose  temperature  was  nearly  or  below  that  of  the  wet  bulb.  It  was  a  remark- 
able fact  that  the  air  in  all  this  region  during  the  three  months  rarely  had  a  relative 
humidity  less  than  80  per  cent.,  and  in  oonsequenoe  nearly  all  the  observations  tiiat 
were  made  showed  a  difference  of  less  than  a  deffree  between  the  wet  and  dry. read- 
ings.   The  results  obtained  with  these  high  humiditieB  lay  on  either  side  of  the  table 
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we  now  have,  and  no  ohaD|;e  will  bo  adFisable  or  possible  until  we  obtain  reealtsat 
greater  dry  doss.  I  had  no  means  at  my  disposal  to  effect  this  dryness.  One  way  in 
which  it  can  be  done  at  ^ght  expense  would  be  to  cool  down  a  room  or  bam  to  the 
outside  temperature,  supposing  it  — 30^  or —40^,  then  allow  it  to  slowly  warm  up,  the 
resulting  humidity  would  Jl>e  very  small  and  results  could  be  had  with  large  differ- 
ences between  wet  and  dry.  In  a  few  experiments  made  at  about  90^  with  6°  to  8^ 
difference  showed  that  the  present  formula  is  all  right  under  those  conditions. 

BAJM  HTGBOMBTBB. 

An  instrntnent  for  recording  homidity  changes  by  the  contraction  and  lengthening 
of  a  large  number  of  hairs  in  a  bunch  and  stretched  between  two  uprights  was  sent 
to  St.  Vincent  to  be  tested  at  very  low  temperatures.  Careful  comparisons  were  made 
between  the  slins  psychrometer  and  this  instrument;  and  these  showed  the  latter  en- 
tirely unreliable  In  its  indications.  This  hair  hygrometer  has  too  great  a  range,  and 
oftentimes  shows  a  dryness  20  per  cent,  too  greaC 
Respectfully  submitted, 

C.  F.  Habvin, 
Atsiatant  Profiisor  in  Charge  Inttrummt  DioMm. 
The  Canev  Siokal  Officer. 
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APPENDIX  xg. 

I 

REPOBT  OF  THE  OFFICES  IK  CHARGE  OF  THE  PUBLICATIONS  DIVISION. 

Signal  Offigk,  War  Departubnt, 

WuukvngUm  City,  June  30,  1690. 

Sir:  I  haye  the  honor  to  snbmit  the  followioK  report  relative  to  the  transactionB 
of  the  Poblications  Diviaion  of  this  office  for  the  flecal  year  ending  Jane  30, 1890. 

The  following  named  officers  haye  been  in  charge  oaring  the  fiscal  year :  Second 
Lieat.  F.  M.  M.  Beall,  Jnly  1  to  31,  188J|;  Second  Lieat.  James  Mitchell,  Aagost  1  to 
31,  1H8H;  Second  Lieat.  F.  M.  M.  Beall,  September  1  to  30, 1889;  Capt.  James  Allen, 
October  1  to  21,  1889;  Second  Lieat.  W.  D.  Wright,  October  22,  X^m,  to  January  6, 
1890;  Second  Lieat.  James  Mitchell,  January  9  to  26,  1890;  Capt.  James  Allen,  tfan- 
uary  27  to  Febrnary  28,  1890 ;  First  Lieut.  B.  E.  Thompson^  March  1  to  31,  1890 ;  and 
Capt.  James  Allen,  April  1  to  June  30, 1890. 

The  work  of  this  diyision  consists  in  printing  and  distributing  the  publications  of 
the  Seryice,  and  conducting  the  correspondence  relating  thereto.  The  notably  high 
typographical  character  of  the  work  performed  has  been  maintained  daring  the  past 
year,  and  the  current  publications  of  the  Seryice  have  been  issued  regularly  and 
promptly. 

In  addition  to  the  routine  work  the  following;  extra  printing  has  been  done :  250 
copies  Bibliography  of  Meteorology,  part  u.  Moisture;  500  copies  notes,  tables,  and 
charts  showing  monthly  normal  rainfall  in  the  United  States ;  500  copies  Tri-daily 
MeteorologicalRecord  Charts,  Jnly  to  December,  1878 ;  TiOO  copies  charts  showing 
mean  monthly  distribution  of  pressure  and  wind  directions  for  the  northern  hemi- 
sphere north  of  40^  latitude,  during  1882  and  18^ ;  500  copies  international  charts 
from  Joly  to  December,  1884. 

An  improyement  in  the  manner  of  addressing  publications  was  made  during  the 
year  by  setting  the  names  and  addresses  of  the  reg|ular  and  yoluntary  obseryers  and 
of  persons  listed  to  receiye  the  same  in  type  and  printing  instead  of  writing  them,  as 
heretofore.  This  change  has  resulted  in  much  saving  of  time  and  labor  in  mailing 
the  several  publications  of  the  Service,  beside  insuring  greater  accuracy  for  their 
prompt  delivery. 

The  making  of  requisitions  for  printing  and  binding  at  the  Qovemment  Printiuji; 
Office  and  keeping  the  accounts  of  the  work  done  there  were  turned  over  to  this  divi- 
sion during  the  year,  thereby  largely  increasing  the  clerical  work.  The  number  of 
requisitions  made  on  the  Public  Printer  was  1,883. 

Part  1  of  the  annual  report  of  the  Chief  Signal  Officer  for  the  year  1889,  printed  at 
the  Government  Printing  Office,  has  been  received  and  distributed  to  all  the  regular 
and  yoluntary  observers  of  the  Service.  This  is  largely  due  to  the  efficient  manage- 
ment of  that  office. 

The  total  number  of  employ^  in  the  division  at  the  close  of  the  vear  is  22,  consist- 
ing of  15  enlisted  men  and  6  civilians,  being  an  increase  of  1  clerk  (temporarily) 
since  last  report,  which  was  made  necessary  by  the  accumulation  of  clerical  work 
and  additional  correspondence.  t 

Letters  received  and  sent,  and  title  and  numher  of  publioatiens  distributed  during  the  fiscal 

year  ending  June  SO,  1890. 

Letters  received 2,120 

Letterssent 2,182 

Annual  reports  of  the  Chief  Signal  Officer 2,432 

Advance  reports  of  the  Chief  Signal  Officer,  1889 1,300 

Weather  (8  a.  m.  and  8  p.  m.)  maps 182,468 

Monthly  Weather  Reviews 33,500 

Annual  Summary  to  Monthly  Weather  Review 3,000 

Summary  and  Review  of  International  Meteorological  Observations 2, 700 

Weather  Bulletins 16,695 

Miscellaneous  publications 5,268 

Tri-daily  Meteorological  Record,  June-December,  183^ 3, 368 

Arctic  series  of  reports 384 


664  REPOBT  OF  THE  CHIEF  SIGNAL  OFFICEB. 

Bibliography  of  Meteorolo|^,  partlii  MoiBtare 

ProfeaBional  Papers '. 93 

Signal  Service  Notes 156 

Bound  Professional  Papers  (Tolames) ^ 21 

Bonnd  Signal  Serrioe  Notes  (volnmes) 23 

Senate  Exeontive Documents,  Nos.  91  and282 98 

Charts  showing  monthly  rainfall,  January,  1870-D6cember,  1873 100 

Bound  volumes  Monthly  Weather  Beview 263 

Total 256,898 

Work  performid  in  printing  room  during  JUoal  year  ending  Jwm  30, 1890. 

PBDITaiO. 

Circulars 9,975 

Envelopes ^ 162,500 

Forms 126,317 

Oeperal  and  Special  Orders 15,160 

Letters 17,645 

Letterheads 105,500 

Monthly  Weather  Review 295,000 

Annual  Summary  to  Monthly  Weather  Review 12,000 

Monthly  Summary  of  International  Meteorological  Ohservations 11, 000 

Miscellaneous 54,954 

Weather  Crop  Bulletin - 16,696 

Wrappers 23,500 

Total 860,246 

UTHOORAPHINO. 

Base  maps 197,107 

Daily  (8  a.  m.  and  8  p.  m.)map8 192,468 

Tri-dallymaps 67,250 

Daily  International  maps ...« 52,008 

Weather  Review  maps 51,569 

Forms  and  circulars * 27,558 

Bibliography  of  Meteorology,  part  n,  Moisture 28,500 

Miscellaneous  maps « 21,404 

Total 638,284 

Very  respectfuUy, 

Jahbs  Allen, 
Captain  Third  Cawilrf,  Sifinal  Officer  and  AseUtant, 

in  okarge  PubUeatione  Diviman. 
The  Chief  Signal  Ovfiobiu 


I. 


BEPORT  OP  THE   CHIEF  SIGNAL   OFFICER.  665 


APPENDIX  20. 

BEPOBT  OF  ACCOUNTS  DIVISION. 

Signal  Offics,  Wab  Bepabtmbnt, 

Wa9hingt(m  City,  August  %  1890. 

•  

Sib:  I  haye  the  honor  to  submit  the  following  report  of  the  Accounts  Division  for 
the  fiscal  year  ended  June  30, 1890 : 

PSRSONNRL. 

Under  Special  Orders,  No.  28,  dated  Headquarters  of  the  Army,  AdJutant-GeneraVs 
Office,  Washington,  February  2, 1889, 1  have  continued  on  duty  during  the  year  as 
property  and  dlsbursinpr  officer  of  the  Signal  Service. 

While  BO  changes  of  importance  have  occurred  in  the  personnel  of  the  division  dur- 
ing the  year,  it  Is  proper  to  say  that  since  the  reorganization  of  the  force  at  this 
office  on  October  2.  1888,  this  division  has  lost  the  services  of  15  experienced  clerks, 
who  have  resigned  for  the  purpose  of  accepting  appointments  elsewhere,  or  who  have 
been  transferred  to  other  branches  of  the  Government  service. 

CHANOB  OF  DBSI6NATIOK. 

For  the  purpose  of  more  explicitly  indicating  the  character  of  the  work  xierformed 
by  this  division,  its  designation  was  chang^ed  on  January  6, 1890,  from  ''Disbursing 
Division  "  to  ''Accounts  Division,"  the  official  title  of  the  eisbnrsing  officer  remain- 
ing the  same  as  before. 

CLAB8IFICATI0K  OF  WOBK. 

The  classification  of  work  indicated  in  my  report  for  the  last  fiscal  year  has  re- 
mained practically  the  same ;  in  order  to  equalize  the  work  some  slight  changes  have 
been  neoessaryy  owing  to  changes  in  methods  of  business. 

APFBOPBIATIONS. 

The  condition  of  the  appropriations  (disbursed  by  this  office)  for  the  fiscal  year 
ended  June  30,  1890,  with  the  expenditures  thereunder,  the  balances  and  the  prob- 
able demands  on  such  balances,  report  of  which  is  required  to  be  rendered  by  the 
act  of  Congress  approved  May  20, 1820,  is  as  follows : 

Appropriated : 

Observation  and  report  of  storms $296,240.00 

Signal  Service : 

Re^lar  supplies 9,200.00 

Incidental  expenses 317.00 

Transportation 19,000.00 

Signal  Service  pay : 354,555.10 

Medical  department <w 2,600.00 

Signal  Service  of  the  Army ♦6,110.40 

Expended: 

Observation  and  report  of  storms 102,238.94 

Signal  service : 

Regular  supplies 6,481.02 

Incidental  expenses 168.92 

Transportation 9,366.45 

Signal  Service  pay *. 313,243.17 

Medical  department 1^391.20 

Signal  Service  of  the  Army 5,086.25 

*  Lidndes  $110.40  transfered  from  Navy  Department. 
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Balftnees: 

OlMeryation  and  report  of  storms 9134,001.06 

Signal  sendee : 

Refi;alar  supplies 2,71^98 

Incidental  expenses -—  148.08 

Transportation - 9,633.55 

Signal  Service  pay 4l,31La3 

Medical  department 1,206l80 

Signal  Service  of  the  Army 22.15 

Probable  £mands: 

Observation  and  report  of  storms 119,6M9.95 

Signal  Service : 

Re^lar  supplies 285.73 

Incidental  expenses 13.83 

Transportation 8,401.89 

Signal  Service  pay 37,472.82 

Medioai  department 124.15 

Signal  Service  of  the  Army 21.99 

Anumnts  appropriated  undm'  the  different  heads  for  the  eupport  of  the  Siffnal  Serviee,  U.  8: 

Army,  for  tMjieoal  year  ended  June  30, 1890. 

Legislative,  executive,  and  Judicial : 

Regular  clerks  and  messengers $153,960.00 

Printing  and  binding 10,000.00 

Postage  stamps  (allotted  by  Secretary  of  War) 500. 49 

Stationery  (allotted  by  Secretary  of  War) 3, 500. 00 

Contingent  expenses  (allotted  by  the  Secretary  of  War)       7, 250. 00 

1175, 210. 49 

Observation  and  report  of  storms : 

Manufacture,  purchase,  etc. ,  of  instruments 9, 000. 00 

Telegraphing  reporto 118,000.00 

Rents,  etc.,  of  oi&ces  outside  of  WVMhington 44,000.00 

Expenses  of  storm  signals 10,000.00 

River  andflood  reports 9,000.00 

Cotton  region  reports 7,000.00 

Biaps  and  bulletins 14,500.00 

Telegraph  lines •24,740.00 

236,240.00 

Pay,  etc.,  of  Signal  Corps : 

Pay  and  quarters  of  officers 36,352.00 

Mileage  to  officers 2,500.00 

Pay  of  enlisted  men 315,703.10 

364,555.10 

Signal  Service :  Regular  supplies. 

Fuel  for  officers  and  for  sale  to  officers 7,000.00 

Forage  for  public  animals 2,5200.00 

9,200.00 

Incidental  expenses : 

Shoeing  public  animals 162.00 

Blacksmiths' supplies 100.00 

Interments ^ 2&.00 

Veterinary  supplies 30.00 

317.00 

Signal-Service  transportation 19,000.00 

Medical  department ., 2,600.00 

Signal  Service  of  the  Army 5.000.00 

Grand  total td01,122.59 

COST  OF  STATIONS  OF  OB8BRVATION8. 

The  average  cost  of  maintaining  each  meteorologioal  station  during  the  year  (exclu- 
sive of  the  cost  of  stationery,  etc.,  sent  from  this  office,  of  telearraph  service,  and  of 
the  pay  and  allowances  of  the  enlisted  force  on  duty  at  each)  has  been  $313^86. 

The  station  costing  the  least  is  Fort  Bowie,  Aris.  T.,  $1.61  only  having  been  ex- 
pended thereat  during  the  year.    The  station  costing  the  most  is  ChioagO|  HL,  at 

*  This  includes  |1,740  dedcienoy  appropriation. 
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which  the  sam  of  $1,920.23  was  speDt  daring  the  year.    There  were  four  stations 
maintained  dnriug  the  year  without  cost,  except  for  telegraph  service  and  pay  of  en- 
listed  force,  viz:  Aahum,  Ala.;  Lansing,  Mich.;  New  Brunswick, N.  J.,  and  Fort 
Supply,  Ind.  T. 


fiALBS  OF  PUBLICATIONS. 


Three  hundred  and  twenty-eight  dollars  and  ninety -fiFe  cents  have  been  received 
during  the  year  from  the  sale  of  maps  and  bulletins,  as  allowed  by  the  act  of  Congress 
approved  March  30,  lt)74,  (section  2127,  Revised  Scatntes).  The  amount  was  deposited 
with  the  Treasurer  of  the  United  States  to  the  credit  of  the  appropriation  "  Observa- 
tion and  Beport  of  Storms''  for  the  then  current  fiscal  year. 


GOHTRACTS. 


As  required  by  the  act  of  Congress  approved  April  21, 1808  (Statutes  at  Large,  VoL 
2,  p.  4:i5),  I  submit  herewith  list  of  contracts  made  during  the  fiscal  year  end^  June 
30,1890: 


With  whom  made. 


L.N.  Heil 

N.  C  ramer  (administrator) 

N.  H.  Owings 

Jos.  PerrauTt 

E.  B.  Hyde 

C.  H.  Eberle 

Courier-Journal  Company 

John  P.  Vails 

Greorge  Krench 

Chamber  of  Commerce 

L.  G.  Nesmith 

B.  F.  Crouch 

Taylor  Bros 

Anna  M.  Grover 

Emeline  W.  Look 

Easton  &  Hupp 

A.  G.  Elliott  &  Co 

Rider  d&  Addison 

TheE.  S.  Greeley  &  Co 

Roberts  Brothers 

p.  Provoost's  SonB&  Co 

£astond&Rupp 

Ballantyne  &  Son 

Clendenin  Bros • 

TheE.  S.  Greeley  &  Co 

Merchants'  Exchange  Association 

Chamber  of  Commerce 

Cotton  Exchange 

W.  J.  Nesbitt 

E.  F.  Gould 

Baer&  Blotch 

G.  M.  HaU 

Pacific  Club 

Walker  &  Hall 

Jacob  B.  Perkins.. 

P.  Rosbach 

Catharine  Wilson 

Bryant,  McEachin  A  Luce 

P.  Rosbach 

J.  D.  Free,  jr 

R.  S.  DodsoD 

Auditorium  Association 

Masonic  Temple 

J.  G.  Payne  (Attorney,  etc.) 

Conedt  Kimball 

L.  N.  Heil 

Taylor  A  Lee 


For  what  purpose. 


Lease,  Montrose,  Colo. 
Lease,  Manistee,  Mich. 
Lease,  Olympia,  Wash. 

Lease,  Bois^  ^^^h  ^^^^^' 
Lease,  Spokane  Falls,  Wash. 
Lease,  Fort  Smith,  Ark. 
Lease,  Louisville,  Ky. 
Lease,  Brownsville,  Tex. 
Lease,  Corpus  Christi,  Tex. 
Lease,  Sioux  City,  Iowa. 
Lease,  San  Diego,  Cal. 
Lease,  Linkville,  Oregon. 
Lease,  Taylor's  Ranch,  Utah. 
Lease,  Keeler,  Cal. 
Lease,  Vineyard  Haven,  Mass. 
Contract,  paper. 

Do. 

Do. 
Contract,  flags. 

Do. 

Do. 
Contract,  stationery. 

Do. 
Contract,  Telegraph  supplies. 

Do. 
Lease,  San  Francisco,  CaL 
Lease,  St.  Paul,  Minn. 
Lease,  Galveston,  Tex. 
Lease,  Micco,  Fla. 
Lease,  Atlanta,  Ga. 
Lease,  Baker  City,  Oregon. 
Lease,  Pueblo,  Colo. 
Lease,  Nantucket,  Mass. 
Lease,  Meridian,  Miss. 
Lease,  Cleveland,  Ohio. 
Lease,  Grand  Haven,  Mich. 
Lease,  Los  Angeles,  Cal. 
Lease,  Fort  Smith,  Ark. 
Lease,  Grand  Haven,  Mich. 
Contract,  Milliographs. 
Lease,  Norfolk,  Va. 
Lease,  Chicago,  111. 
Lease,  Davenport,  Iowa. 
Lease,  Lyncbburgh,  Va. 
Lease,  Red  Blufl',  Cal. 
Lease,  Montrose,  Colo. 
Lease,  Taylor's  Ranch,  Utah. 
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With  whom  made. 

For  what  purpose. 

Anditorinm  Association 

Porter,  Reeves  &.  Co...... .--- 

Lease,  Chicago,  HI. 
Lease.  Abilene.  Tex. 

Board  of  Trade 

Leafw.  Colnmbns.  Ohio. 

The  Bank  Building  Association 

Lease,  Colorado  Springs,  Colo. 
Lease,  Dabuqne,  Iowa. 
Lease.  Nantncket.  Mass. 

Staples  &  Pelan - 

Pacific  Clob 

flacob  B.  Perkins 

Lease.  Cleveland.  Ohio. 

C.  M.  Beeson. ............ .............. 

Lease,  Dodge  City,  Kans. 
Lease,  BIock  Island,  R.  L 

Lorenzo  Littlefield 

Thomas  E.  Huirhes 

Lease,  Fresno,  Cal. 

Board  of  Trade 

Lease.  Buffalo.  N.  Y. 

F.  E.  Warren * .* 

Lease,  Cheyenne.  Wyo. 
Lease.  Brownsviile.  Tex. 

John  F.  Vails 

J.  B.  Grady 

Lease,  Kastport,  Me. 
Lease,  Eureka,  Cal. 
Lease,  Hatteras,  N.  C. 

H.  H,  Bnhne 

Homer  W.  Styron 

Lnoins  M.  Sheldon 

Lease,  El  Paso,  Tex. 

Bolton  A  McRae...... 

Lease,  Alpena,  Mich. 
Lease.  B^timore.  Md. 

Qeonre  H.  C.  Neal 

Geo.  W.  Williams 

Lease,  Charleston,  S.  C. 

P.  Rosbach 

Lease.  Grand  Haven,  Mich. 

American  Exchange  Bank.. 

Lease,  Dnluth,  Minn. 

Georflre  French - 

Lease,  Corpus  Christi.  Tex. 
Lease,  Fort  Smith,  Ark. 

Bryant,  McEachin  &;Lace 

Emeline  W.  Look 

Lease.  Vineyard  Haven,  Mass. 

J.M.Klein 

Contract,  Construction  of  telegraph  Imes. 

A  separate  report  of  this  has  been  prepared  and  submitted  to  the  Honorable  the 
Secretary  of  War  for  transmission  to  Congress. 

INCRKA8BS  IK  RRNT8. 

In  executing  new  leases  for  the  fiscal  year,  several  demands  were  made  for  an  in- 
crease in  the  total  amount  to  be  paid ;  in  all  cases  but  two  the  demand  waesaceessfully 
resisted.  At  Nantncket  and  at  Vineyard  Haven,  Mass. ,  it  was  shown  that  the  amounts 
previously  paid  had  not  been  proportionate  to  the  conveniences  received,  and  the 
increase  asked  having  been  considered  just  and  reasonable  was  allowed,  amounting, 
in  the  case  of  Nantucket,  to  |39,  and  in  the  case  of  Vineyard  Haven,  to  |34|  per 
annum. 

« 

B811MATBS. 

The  estimate  for  appropriations  snbmitted  on  September  13, 1889,  for  the  fiscal  year 
ending  June  30,  1891,  aggregate  for  the  entire  service,  inolading  Signal  Service 
proper,  the  sum  of  |849,272.50,  made  np  as  follows : 

Signal  Service  of  the  Army ', $10,000.00 

Postage .      500.00 

Contingent  expenses SO,  072. 50 

Stationery 6,250.00 

Rent  of  stable 360.00 

Printing  and  binding 12,000.00 

Observation  and  report  of  storms : 

Manufacture  of  instruments,  etc §8,700.00 

Telegraphing  reports 120,000.00 

Rent,  etc.,  of  ofiices 46,000.00 

Expenses  of  storm  signals 11,000.00 

River  and  flood  reports 13,000.00 

Cotton  region  reports 5,000.00 

Maps  and  bulletins 15,000.00 

Maintenance,  etc.,  telegraph  lines 25,155.00 

242,855.00 

Salaries 166,000.00 

Forage,  etc.,  public  animals 1,176.00 

Transportation 18,000.00 

Clothing 14,800.00 

Construction  of  storehonse 1,566.00 
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fiigiiAl  Ser^ioe;  Pay^  etc.— 

Biigadier-geneial |5,500.00 

Seoond-lieatenants 21,000.00 

Longeyity  pay 5,400.00 

Mileage 2,700.00 

Commutation  of  quarters :      4,752.00 

Forage  for  private  borses 1,217.00 

Fuel  for  officers I,2:i2.00 

Medical  attendance,  etc 2,600. 00 

Pay  and  allowances  of  enlisted  men $^1,294. 00 

365,695.00 

Total $849,272.50 

This  is  a  net  increase  over  the  amoant  appropriated  for  the  fiscal  year  ended  June 
30,  1^0,  of  $49,389.91,  of  which  amoant,  the  sum  of  $28,110  covered  new  items; 
excluding  them,  the  actual  net  increase  in  regular  ilemB  amounted  to  $21,279.91,  being 
$21,068.24  less  than  the  amount  of  the  estimates  submitted  for  the  fiscal  year  ended  June 
30,  ItiOO,  and  $23,T33.77  less  than  the  total  amount  appropriated  for  the  fiscal  year  ended 
June  30, 1889 ;  including  the  new  items  the  sum  asked  for  is  an  increase  of  only  6  per  eenU 
over  the  amount  appropriated  for  the  fiscal  year  ended  June  30,  1b90,  while,  judging 
from  the  experience  of  the  two  preceding  fiscal  years,  the  volume  of  business  for  the 
fiscal  year  ending  June  30, 1891,  will  be  at  least  20  per  cent,  larger  than  at  any  time 
in  the  past. 

PBINTIMG  AND  BINBLNG. 

m 

The  estimate  submitted  by  this  office  for  an  appropriation  for  printing  and  binding 
for  the  fiscal  year  ended  June  30,  1890,  was  for  $12,000.  Congress  appropriated  the 
sum  of  $10,000,  all  of  which  was  used ;  requisitions  aggregating  nearly  $700  could  not 
be  acted  npon  owing  to  the  fact  that  the  appropriation  had  been  exhausted. 

From  the  experience  of  the  past  it  has  been  found  that  an  average  of  $12,000  per 
annum  is  required,  to  include  $1,000  for  the  publishing  of  Professional  Papers  and 
Signal  Service  Notes  for  distribution  to  voluntary  observers. 

The  utility  of  this  service  to  agriculture  and  other  interests  would  be  largely  sub- 
served by  authorizing  the  occasional  publication  of  meteorological  papers  having  a 
practical  bearing  upon  matters  of  general  public  utility,  such  as  irrigation,  effect  of 
weather  upon  crops,  etc.,  and  in  this  manner  the  special  wants  of  cooperating  ob- 
servers, who  give  gratuitously  their  time  and  observations,  would  be  aoKnowledged 
and  subserved  by  a  free  distribution  of  such  papers  to  them. 

TRANSPORTATION  OF  SIGNAL  BQUIFMENTS  AND  STORES. 

During  the  fiscal  year  there  has  been  expended  out  of  the  appropriation  for  "  Signal 
Service :  Transportation  "  the  sum  of  $1,200  to  cover  the  shipment  of  stores  intended 
solely  for  military  purposes,  and  as  the  item  had  not  been  included  in  submitting  the 
estimates  on  which  said  appropriation  was  based,  it  having  been  considered  that  the 
cost  of  said  transportation  was  a  prox>er  charge  against  the  appropriation  for  the 
transportation  of  the  Army,  and  in  order  to  avoid  a  deficiency  m  the  item  "  Signal 
Service :  Transportation,"  an  estimate  under  the  item  *<Si^aI  Service  of  the  Army" 
was  submitted  tor  the  amount  necessary  to  reimburse  the  said  appropriation  for  trans- 
portation/ 

A  decision  has  been  rendered  during  the  year  by  the  Second  Comptroller  of  the 
Treasury  in  effect  that  the  expense  of  ^ansportation  of  certain  signal  supplies  for  the 
use  of  the  Army  was  payable  from  the  appropriation  for  the  ''purchase,  equipment, 
and  repair  of  field  electric  telegraphs,"  notwithstanding  the  fact  that  there  were  two 
specific  appropriations  for  transportation,  one  in  the  Army  bill  and  one  in  the  sundry 
civil  bill,  the  former  under  the  control  of  the  Quartermaster-General  and  the  latter 
under  the  control  of  the  Chief  Signal  Officer,  but  the  Army  bill  for  the  fiscal  year  end- 
ing June  30, 1891,  contains  the  necessary  appropriation  for  such  transportation,  so 
that  hereafter  the  cost  will  be  borne  by  the  appropriation  properly  chargeable  with 
the  expense. 

DIGBST  OF  APPROPRIATIONS. 

In  digesting  the  appropriations  for  the  fiscal  year  ended  June  30, 1889,  the  Secretary 
uf  the  Treasury  admitted  that  this  office  was  entitled  under  the  item  of  mileage  to 
the  sum  of  $2,882.19;  notwithstanding  this  fact,  the  Second  Comptroller  refused  to 
allow  and  pay  the  claim  of  an  officer  of  the  Signal  Corps  for  mileage,  amounting  to 
$301.09,  for  the  reason,  as  alleged,  that  the  original  Joint  Resolution  continuing  the 
appropriations,  contained  a  limiting  clause  which  would  not  permit  the  total  appro- 


670 


REPORT  OF   THE  CHIEF   SIGNAL  OFFICER^ 


Erlfttion  for  tbe  fiBcal  year  ended  Jane  30,  1889,  to  exceed  tbe  amoont  which  wonM 
aye  been  specifically  appropriated  for  that  year  if  tbe  appropriation  had  been  mskce 
in  ample  time.  Thiji  decision  was  in  the  face  of  tbe  fact  that,  under  the  Joint  Ret9oln> 
tion,  the  office  waa  entitled  to  a  certain  proportion  of  tbe  appropriation  made  for  tL*: 
previoaa  fiscal  year  ailded  to  a  certain  proportion  of  the  appropriation  to  be  made  for 
the  then  cnrrent  fiHcal  year.  The  resatt  of  this  decision  of  the  Second  Comptrolii-r 
has  been  to  place  the  officer  interested,  as  well  as  the  Chief  Signal  Officer,  in  a  mo< 
embarrassing  position.  It  forced  the  former  to  pay  from  his  ptersonal  fnnds  tbe  ex- 
penses incurred  by  him  in  the  performance  of  an  official  dnty ;  it  placed  the  latter  in 
tbe  position  of  having  either  willfully  or  ignorantly  Tiolated  tbe  express  proTisiou  of 
law  that  he  shall  not  incur  in  any  one  fiscal  year  a  sum  in  excess  of  the  appropris- 
tions  made  by  Congress  for  the  service  of  that  year,  and  although  it  is  a  fkct  there  » 
a  snm  in  the  Treasury  to  the  credit  of  the  appropriation  sufficient  to  meet  the  clainz, 
the  accounting  officers  of  the  Treasury  have  preferred  to  submit  the  matter  to  Con- 
for  a  deficiency  appropriation. 


PATMSNTS  TO  EKLI8TKD  SfSN. 

I  desire  to  invite  special  attention  to  the  great  saving  of  labor  and  early  receipt  of 
the  checks  by  them,  which  have  resulted  from  the  change  in  the  method  of  paying  the 
enlisted  men  of  this  Service,  brought  about  (at  the  suggestion  of  this  division)  by  tbe 
provision  in  the  appropriation  act  for  the  fiscal  year  ended  June  30, 1890,  which  re- 
quired that  the  appropriations  for  pay  proper,  for  commutation  of  rations,  for  com- 
mutation of  fuel,  and  for  commutation  of  quarters  should  be  paid  monthly  to  each 
enlisted  man  entitled  thereto,  by  one  check,  upon  one  properly  certified  voucher,  and 
constituting  for  that  purpone  the  several  appropriations  mentioned  into  one  fund,  snd 
by  the  decision  of  the  Honorable  the  Secretary  of  War,  under  date  of  June  4.  ISfiO, 
that  the  disbnrsetneut  of  this  fond  should  be  made  by  the  regularly  bonded  disbnrti- 
ing  officer  detailed  for  dnty  with  the  Signal  Service.  By  the  plan  referred  to  it  has 
required  an  average  of  300  checks  per  month  to  pay  the  enlisted  men  of  this  Service : 
under  the  old  system  it  required  at  least  three  times  that  number  of  checks,  with  an 
endless  amount  of  circumlocution  to  effect  the  same  result.  The  checks  under  the 
present  plan  have  been  drawn  and  mailed  on  the  last  working  day  of  the  month  to 
each  enlisted  man. 

DEPOSITS  OF  ENLISTED  MEK. 

During  the  year  a  (question  arose  as  to  the  proper  construction  of  the  act  making 
appropriations  for  this  Service  in  regard  to  the  payment  of  the  enlisted  force,  so  far 
as  the  same  related  to  the  disposition  of  the  deposits  of  said  enlisted'  men.  The  mat- 
ter was  submitted  to  the  Honorable  the  Secretary  of  War  and  decision  rendered  b? 
him  in  effect  that  as  under  his  decision  of  June  4, 1889,  before  referred  to,  the  enlisted 
men  of  the  Signal  Corps  should  be  paid  by  the  disbursing  officer  of  this  Service  said 
men  should  make  their  deposits  through  him. 

By  the  special  provisions  to  be  incorporated  in  the  appropriation  act  for  the  fiscal 
year  ending  Jane  30, 1891  (Sundry  Civil),  all  these  matters  will  be  regulated  by  spe- 
cific law. 

ACCOUNTS  SETTLED. 

The  number  of  accounts,  including  those  for  the  pay  and  commutations  due  the  en- 
listed force,  required  in  the  disbursement  of  the  various  appropriations  under  the  con- 
trol of  this  office,  settled  during  the  year,  is  10,491,  distributed  as  follows :  * 


July,  1889 1,179 

August,  1889 782 

Seotember,  1889 843 

October,  1889 1,106 

November,  1889 786 

December,  1889 ^ 718 


January,  1890 1,021 

February,  1890 754 

March,  1890 672 

April,  1890 942 

May,  1890 612 

June,  1890 1,076 


ACCOUNTS    UNSETTLED. 

On  June  30,  1890,  there  were  64  unsettled  accounts,  of  which  25  bad  been  returned 
for  correction,  etc.,  and  had  not  been  received  back;  of  the  39  accounts  remaining  in 
the  division,  18  were  bills  of  the  Western  Union  Telegraph  Company,  which  conld 
not  be  disposed  of,  owing  to  demurrer  on  the  part  of  said  company  to  tne  rates  fixed 
by  the  Postmaster-Goneral  for  the  fiscal  year  ended  June  30,  1890,  and  21  were  held 
for  certain  data  to  enable  a  proper  audit  to  be  made,  and  for  other  reasons  which 
preven.ted  them  being  put  in  course  of  settlement;  there  were^  therefore,  no  aoeonnts 
m  this  division  on  June  30,  1890,  available  for  settlement* 
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BKMDITION  or  MONBT  ACCOUNTS. 

The  acoonnting  offloera  of  the  Treasury  have,  dnring  the  year,  called  attention  to 
the  importanoe  of  etriotly  following  the  reqairements  of  law  and  rendering  money 
aocounta  promptly  at  the  end  of  each  month ;  while  this  diTision  has  followed  these 
reqairements,  it  is  proper  to  inTite  attention  to  the  fact  that,  notwithstanding  the 
aoconnts  of  the  disbursing  officer  of  this  serrioe  are  so  transmitted,  they  are  allowed 
to  accumulate  in  the  Treasury  Department  without  examination  for  many  months ; 
at  least  no  result  of  such  examination  has  been  communicated  to  this  office.  This  is 
neither  fair  to  the  disbursing  officer  nor  to  the  Goyemment,  and  some  steps  should 
be  taken  to  remedy  thia  evil. 

SUSFEKfllOir  OV  MONST  ▲CCOUNTS. 

No  information  has  been  received  during  the  year  from  the  accounting  offlcera 
of  the  Treasurer  as  to  the  examination  of  my  accounts,  and  no  statement  can  there- 
fore be  made  m  regard  to  the  status  of  those  accounts  in  the  Treasury  Depart- 
ment. It  is  believed,  however,  that  the  strict  examfnation  which  the  accounts 
undergo  at  this  office,  i>oth  in  their  preparation  and  final  verification  before  they  are 
sent  to  the  Treasury  Department,  is  sufficient  to  discover  any  errors,  and  the.accounts 
are  generally  in  very  good  shape,  although  it  would  be  advisable  if  (as  stated  in  the 
preceding  paragraph)  the  accounts  of  the  diNbursing  officer  could  be  more  promptly 
examined  by  the  Treasury  Department  and  he  be  informed  of  the  result  of  that  ex* 
amination,  say  within  6  montbs  after  submitting  his  accounts;  at  present,  it  is 
several  years  usually  before  a  disbursing  officer  is  Mvised  of  the  result  of  the  exami- 
nation  of  his  accounts,  and  then,  if  vouchers  are  suspended  for  any  technical  objec- 
tion, it  may  happen,  owing  to  the  lapse  of  time,  that  it  is  not  within  the  power  of 
the  officer  to  have  such  vouchers  remedied. 

• 

iNSPBcnoir  OV  money  accounts. 

My  money  accounts  have  been  inspected  and  the  balances  veri fled  by  the  Inspector- 
General's  Department  as  follows:  October  30, 1889,  by  H.  Clay  Wood,  lieutenant- 
colonel  and  assistant  adjutant-general;  March  3,  1890,  by  H.  Cla.v  Wood,  lieutenant- 
colonel  and  assistant  adjutant-general;  June  26,  1890^  by  P.  D.  Yro^m,  migor  and 
inspector-geueraL 

RBCEIPTS  AND    SHIPMENTS. 

In  the  packing  and  shipping  room  6,310  distinct  shipments  have  been  made  through 
the  Quartermaster's  Department,  by  mail  and  by  express,  and  1,547  consignments 
re<  eived. 

Theie  were  6  requisitions  remaining  unfilled  at  the  close  of  the  fiscal  year. 

PROPKRTT  RBSPONSIBIUTY.  • 

Under  the  act  of  Congress,  approved  October  12,  1888  (as  stated  in  my  previous 
report),  the  transfer  of  the  property  at  the  various  stations  to  the  enlisted  men  of  the 
Signal  Corps  was  efi'ected  on  December  31,  18^^ ;  the  regulations  issued  at  that  time 
governing  the  accounting  for  property,  although  prepared  with  much  care,  were 
found  after  experience  to  be  wanting  in  some  particulars,  especially  in  matters  of 
detail,  where  tne  judgment  of  the  various  enlisted  men  was  found  to  be  not  alike, 
and  the  result  was  consequently  lacking  in  that  uniformity  which  was  aimed  at  in 
suggesting  the  method  of  accounting  for  the  property.  To  remedy  this,  a  circular 
was  issued  on  the  1st  of  January,  I^,  which  more  clearly  defined  the  meaning  of 
certain  paragraphs  and  divided  the  property  into  three  classes  or  groups,  respectively, 
as  follows :  Group  X,  property  of  an  expendable  character ;  group  x,  property  par- 
taking of  the  nature  of  expendable  property ;  and  group  Z,  property  of  an  unexpend- 
able  nature.  A  change  was  also  made  in  the  manner  of  invoicing  property,  so  that 
it  would  be  invoiced  as  soon  as  shipped  instead  of  quarterly,  as  nad  been  the  cus- 
tom before,  and  also  applying  to  the  stations  outside  of  Washington,  in  their  trans- 
actions with  one  another,  the  system  of  invoicing  and  receipts  in  vogue  between  thia 
office  and  such  stations. 

These  changes  have  resulted  in  a  greater  uniformity,  and  have  demonstrated  the 
wisdom  of  promulgating  them,  by  an  increased  accuracy  and  oonsideirable  lessening 
of  labor. 


ji 
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8ALB8  OF  PBOPBBTT. 


The  following  statemeut  shows  the  amonnts  reoeiyed  from  sales  at  aaotton  of  con- 
demned property,  the  dates  npou  which  sold,  and  the  stations  at  which  the  sales  took 
place.  The  amount  received  was  regularly  covered  into  the  Treasury  of  the  United 
Btates  as  required  hy  law. 


Date. 


18Q9. 

July 

29 

Aug. 

26 

Aug. 

20 

Sept. 

7 

Sept. 

21 

Nov. 

2 

1890. 

Feh. 

27 

Mar. 

11 

Mar. 

29 

Mar. 

19 

Mar. 

25 

Apr. 

1 

Apr. 

28 

May 

15 

June 

2 

June 

5 

June 

20 

June 

5 

June 

21 

June 

30 

June 

30 

Station. 


Marquette,  Mich... 
Montrose,  Colo.... 
Detroit,  Mich 

v/.  vy.  O.  \J ....  ..«..■ 

Ft.  Grant,  Ariz 

S Ashland,  Oregon.. 
Klamath,  Oregon^, 

Baltimore,  Md 

South  port,  N.C 

Ph(BDix,Ariz 

La  Crosse,  Wis  .... 
8outhport,N.  C  — 

Atlanta,  Ga 

Indianapolis,  Ind  .. 
Fort  Clark, Tex  ... 

Titusville,  Fla 

Cape  Henry,  Va... 

Buffalo,  N.Y 

Cairo,  III 

Los  Angeles,  Cal . . , 
Shreveport, La  .... 

Vr.  \^»  O.  \J  ......  ...< 


Total 


Property. 


Office  furniture,  flag-staff,  etc 

Two  stoves 

Office  furniture 

Condemned  property 

2  wind-vanes 

Telegraph  material.  Fort  Klamath-^ 
Ashland  line.  S 

Office  furniture 

Cart,  saddle,  halter,  etc 

Telegraph  material,  supplies,  etc... 

Carpet,  etc 

4  cisterns,  material,  etc 

Stove  and  fixture 

Office  furniture 

Signal  equipment,  etc 

Cart,  harness,  office  furniture,  etc.. 

Furniture,  mule,  etc 

Wlnd-vano ., • 

Wind-vane  and  tahle 

Office  furniture 

Supports,  wind-vane 

Condemned  property 


Amount. 


124.63 

2.00 

12.00 

186.^ 

LOO 

60.00 

3.99 

10.86 

27.45 

3.27 

2.00 

LOO 

16.60 

.70 

3.60 

75.50 

no  hid. 

LOO 

4.15 

.50 

108.44 


544.68 


TELEGRAPH  LINES  SOLD. 


The  number  of  miles  of  telegraph  line  sold  at  auction  during  the  year  is  457 ;  the 
amount  received  for  the  same  is  $614.65,  which  was  properly  deposited  in  the  Treas- 
ury as  required  by  the  regulations. 

The  lines  sold  are  as  lollows : 


Date. 


1889. 
Deo.    16 
Nov.     2 
Aug.   19 

1890. 
Apr.  25 
May  5 
June  13 
June  30 
June  30 
May     3 


Description. 


Fort  Lararoie-Bordeaux 

Klamath-Ashland 

Fort  Crawford-Montrose  (no  bid ) • 

Fort  Crawford-Montrose  (readvertised  and  sold) 

Part  of  Fort  Thomas-Fort  Grant 

Cantonment  to  Woodward 

Ma^innis  to  Kintyre,  including  material 

Whipple  Barracks  to  Verde 

Fort  McDowell  to  Phoenix 

Total 


Miles. 


28 

100 

9 

9 
12 

I     46 

186 

40 

27 


457 


Amount. 


$13.50 
180.00 


94.55 

16.00 

5.00 

134.10 

4L50 
130.00 


614.^ 


POINT  BETES  TELEGRAPH  LINE. 


Owing  to  the  breaking  beyond  'repair  of  the  United  States  submarine  cable,  be- 
tween Black  Point  and  Mcatraz  Island  (San  Francisco  Harbor),  it  became  necessary 
to  submit  an  estimate  tor  a  deficiency  appropriation  of  |1,740  for  the  rental  of  a  core 
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10  the  Western  Union  Company's  oable^  and  for  the  oonstraction  of  13  miles  of  land 
line,  this  having  been  oonsidersd  a  more  reliable  and  economical  method  of  securing 
telegraphic  commnnication  than  to  put  in  a  new  cable  in  place  of  the  one  damaged. 
Congress  having  appropriated  the  necessarjr  amoont,  the  work  was  started  nnder 
the  supervision  of  Lieut.  J.  E.  Maxfteldi  and  is  progressing  as  rapidly  as  is  possible 
consistent  with  good  workmanship. 

SUPSRINTENDKNCB  OF  BtJILDINOS. 

In  the  interest  of  economy,  and  in  order  to  secure  an  efficient  administration  of 
the  public  business,  recommendation  was  made  to  the  Honorable  the  Secretary  of 
War  that  the  buildings  and  grounds  at  the  corner  of  Twenty-fourth  and  M  streets, 
in  which  the  Signal  Office  is  located,  be  placed,  so  far  as  their  care  and  preservation 
were  concerned,  nnder  the  supervision  of  the  superintendent  of  the  State,  War,  and 
Navy  Department  buildings.  This  being  approved  by  the  Honorable  the  Secret«ry  of 
War,  Chief  Engineer  Thom  Williamson,  U.  S.  Navy,  superintendent  of  the  State, 
War.  and  Navy  Department  buildings,  was  detailed  as  the  superintendent,  and  a 
necessary  force  for  beating,  guarding,  and  cleaning  was  transferred  to  him,  with  a 
sufficient  amount  of  money  to  enable  him  to  properly  carry  out  the  object  of  the  recom- 
mendation. 

Chief  Engineer  Williamson  took  charge  on  October  3, 1889,  and  the  relief  firom  the 
care  of  the  buildings  and  grounds,  part  of  which  demanded  the  aorvioes  of  an  ex- 
pert, is  appreciated. 

OFFICE  AND  STORAGB  ACCOMMODATIONS. 

As  mentioned  in  my  report  for  the  fiscal  year  ended  June  30,  1889,  the  building 
erected  under  the  direction  of  the  Supervisinj;  Architect  of  the  Treasury  has  required 
considerable  repairs  to  keep  it  in  a  tenantabfi  condition.  Estimates  were  submitted 
for  an  appropriation  to  cover  certain  necessary  items  of  expense  required  in  order  to 
protect  the  building  and  grounds,  for  the  economic^  handling  of  the  stores,  and  to 
improve  the  heating  and  sanitary  arrangements.  These  items  aggregated  $9,585, 
which  sum  Congress,  at  this  writing,  has  Siiled  to  embody  in  any  appropriation  act. 
A  deficiencv  estimate  was  also  submitted  for  |9,82S  for  improving  the  water-closets, 
enlarging  tne  heating  facilities,  increasing  the  drainage,  and  painting  the  rooft,  and 
making  such  other  pressing  repairs  required  to  preserve  the  main  and  annex  build- 
ings of  the  Signal  Service.  Congress  appropriated  the  sum  of  |9,500,  which  was 
placed  under  the  control  of  Chief  Engineer  Thom  Williamson,  the  superintendent 
of  the  State,  War,  and  Navy  Department  buildings,  by  whose  direction  it  is  being 
most  judiciously  expended,  and  while  all  the  work  has  not  been  completed  it  has 
been  started,  and  is  progrestiing  as  rapidly  as  first-class  workmanship  will  admit. 
It  is  to  be  hoped  that  when  the  work  snail  be  completed  the  buildings  will  be  in  a 
fair  state  of  repair,  but  in  order  to  keep  them  so  a  sum  of  not  less  than  $5,000  should 
be  annually  appropriated. 

BENT  OF  STABLE. 

At  present  the  stable  is  located  on  the  lower  floor  of  the  building  which  was 
erected  on  the  comer  of  Twenty-fourth  and  M  streets,  nnder  the  provisions  of  the 
act  of  Congress  approved  February  25,  1888,  the  upper  floor  of  said  building  being 
occupied  by  clerks  and  other  employ^. 

The  close  proximity  of  the  stable  to  the  rooms  used  by  the  clerical  force  of  the 
office  is  exceedingly  unpleasant,  and  as  the  space  is  needed  for  storase  purposes  an 
estimate  was  submitted  for  an  appropriation  of  $360  for  the  rent  ox  a  stable,  but 
Congress  has  failed  to  incorporate  the  item  in  any  appropriation  act  thus  far  re- 
ported. It  is  necessary  that  some  action  should  be  taken  in  the  matter  to  have  such 
an  appropriation  made  available. 

CONDITION  OF  TWXNTY-FOUBTH  STBBBT. 

• 

On  August  23,  1889,  request  was  made  of  the  District  Commissioners  to  have 
Twenty-fourth  street  between  Pennsylvania  avenue  and  M  street  concreted,  said 
street  oeing  paved  with  cobble  stones  and  not  in  very  good  state  of  repair,  but  up 
to  this  time  the  same  has  not  been  done,  and  as  the  stroet  is  much  traveled  by  public 
and  private  vehicles  action  should  be  taken  to  have  it  put  in  good  condition. 

OFFICES  IN  PUBUC  BUILDINGS. 

Although  there  are  public  buildings  at  Columbus,  Ohio,  Carson  City,  Nov..  Kan- 
sas City,  Mo.,  Little  Rock,  Ark.^  Leavenworth,  Kans.,  Memphis,  Tenn.,  Nashville, 
Tenn.,  Santa  F^  N,  Mex.,  Baltimore,  Md.,  Manchester,  N.  U.f  ESI  PaaOy  Tez.^  and 
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Pabaqae,  Iowa,  this  Service  has  been  anable,  thioagb  lack  of  room  or  other  caaaea, 
to  secure  accommodations  in  said  bnildings,  and  it  is  therefore  snsgested  t^at  the 
Treasary  Department  be  asked  to  make  specific  provisions  (in  its  nitnre  eatimates 
for  public  baildings)  for  offices  for  nse  of  the  Sisnai  Serrice,  snch  offices  to  be  not 
above  the  second  floor  in  bnildinfln  having  no  elevators,  and  to  be  below  the  attic 
floor  in  those  having  elevators.  Provisions  should  ^so  be  made  for  necessary  ap- 
proaches to  the  roof,  board-walks  thereon,  the  erection  of  the  instmment  shelter  and 
instruments,  flagstaif  for  display  of  signals,  and  a  proper  outfit  of  furniture. 

It  is  claimed  at  the  Supervising  Architect's  office  of  the  Treasury  Department  that 
unless  specific  nrovision  is  made  bv  Congress  for  quarters  for  the  Signal  Service  in 
any  public  bnilaing  the  occupancy  b^  th&  Service  of  any  such  building  is  permitted 
tlirongh  the  courtesy  of  the  Supervising  Architect,  and  can  not  be  considerad  a  mat- 
ter of  right.  It  is  desired,  therefore,  that  either  a  eeneral  enactment  be  passed  by 
Congress  covering  the  matter,  or  else  this  Service  should  be  specifically  mentioned 
in  each  act  providing  for  the  construction  of  a  public  building  at  points  where  Signal 
Service  stations  may  be  located. 

FOIOCB. 

Owin^  to  changes  recommended  by  the  board  on  forms  in  the  nomenclature  and 
numbering  of  forms,  and  the  discontinuance  of  all  forms  not  absolutely  necessary,  the 
work  of  issuiufi;  the  forms  for  use  at  stations  has  been  very  much  simplified. 

There  have  oeen  192  forms  renumbered,  44  consolidated,  and  305  discontinued. 

There  have  been  mailed  7,214  packages,  covering  about  2,500  requisitions ;  there 
were  67  requisitions  on  hand  unnlled  on  June  30, 1890,  and  they  had  been  received 
during  the  month  of  June. 

BSOI8TBRINO  OFFICIAL  UASU 

Some  arrangement  should  be  made,  it  would  seem,  by  which  official  mail  matter 
(which  might  be  considered  of  sufficient  importance  or  value  to  require  it)  sent  to 
this  office  by  its  employ^  and  agents  outside  of  the  city  of  Washington  could  be  reg- 
istered free  of  charge.  At  present  mail  matter  upon  the  official  business  of  this  Bureau 
forwarded  from  this  city,  and  which  requires  registering,  is  registered  without  the 
payment  of  any  fee  and  passes  through  the  mails  free  oi  charge,  and  it  is  desirable 
to  have  the  same  privilege  extended  to  the  officers  and  employ^  of  the  Service  on 
duty  outside  of  Washington,  D.  C. 

It  is  unbusinesslike  that  all  Departments  of  the  Government  except  thePost-Office 
Department  should  be  required  to  purchase,  use,  and  account  for  stamps  for  regisvering 
important  mail  matter  carried  by  the  latter. 

NEW  WOBK  ASSIGNED. 

In  addition  to  the  work  of  paying  the  enlisted  men  mentioned  elsewhere,  there  has 
been  transferred  to  this  division  during  the  year  the  work  of  requesting  transporta- 
tion for  officers  and  enlisted  men.  This  was  done  in  order  that  there  might  be  a 
proper  check  upon  the  appropriation  for  transportation,  and  by  the  application  to 
this  item  of  the  coupon  system  of  orders  devised  by  this  division  (which  had  been  in 
successful  operation  for  the  past  7  years)  the  status  at  any  time  of  the  appropriation 
for  transportation  might  be  determined,  and  the  plan  has  aided  in  a  judicious  and 
economical  distribution  of  the  fund  available  for  transportation. 

INSTRUMENTS  FOB  YOLUNTART  OBSBRVBB8. 

The  records  and  so  much  as  had  been  performed  by  this  division  of  the  work  of 
issuing  instruments  to  voluntary  observers  has  been  during  the  year  transferred  to 
the  records  division,  for  the  reason  that  said  division  had  charge  of  the  voluntary 
observations  and  was  better  able  to  judge  of  the  needs  and  interests  of  said  observers 
in  the  way  of  instruments  and  records,  and  being  in  constant  correspondence  with 
them  was  better  prepared  to  take  charge  of  the  work. 

OORBBSPONDENCB. 

The  total  number  of  letters  received  during  the  year  is  16,848,  containing  34,^6  in- 
closures,  of  which  5,713,  being  mere  letters  of  transmittal  for  bills  or  accounts,  were 
not  regularly  recorded  in  the  records.  The  total  number  of  letters  sent  out  is  195762, 
which  includes  1,107  indorsement^ 
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CARD  8T8TSM  OV  RBCORDS. 

One  of  the  most  importftnt  ohaxif^es  that  baa  taken  plaoe  in  the  methods  of  business 
of  this  division  is  the  introdnotion  of  the  card  system  of  letters  received  on  the  plan 
devised  and  suggested  by  this  division.  It  has  been  in  operation  for  the  past  year 
and  has  saved  considerable  time  and  labor  in  the  handling  and  recording  of  letters 
received,  enabling  the  services  of  one  clerk  to  be  dispensed  with  in  this  branch  of 
work. 

By  the  card-index  system  the  onrrent  mail  is  handled  more  quickly  and  disposed  of 
more  expeditiously  than  under  the  old  and  cumbersome  book  method,  and  considerable 
less  time  is  consumed  in  locating  papers. 

The  statement  following  shows  in  detail  the  number  of  cards  opened  each  month 
of  the  fiscal  year  for  names  and  subjects : 


Months. 


1889. 

July 

August 

September 

October 

November , 

December 

1890. 

January  

February 

March 

April 

May 

June 

Total 


Per  cent,  of  whole 

No.  of 

No.  of  cards  opened. 

number  of  cards  for 
year  opened  each 

letters  re- 

month. 

ceived. 

Writer. 

Subject. 

Writer. 

Subject 

1,043 

5.33 

287 

30 

48 

919 

235 

60 

13 

13 

900 

169 

32 

9 

7 

973 

178 

87 

10 

8 

840 

117 

26 

7 

6 

1,002 

96 

'    20 

5 

4 

908 

90 

19 

5 

4 

852 

87 

13 

5 

3 

1,086 

86 

12 

5 

3 

1,029 

72 

10 

4 

2 

792 

60 

8 

8 

2 

791 

67 

4 

4 

1 

11,135 

1,790 

468 

100 

100 

▲dVbbtisbmbnts  and  proposals. 

During  the  year  there  were  issued  210  advertisements  (in  the  shape  of  circulars) 
inviting  proposals. 

In  calling  for  bids  a  plan  has  been  adopted  which  has  worked  most  satisfactorily, 
and  that  is  to  require  the  successful  bidder  to  deposit  a  certified  check  for  not  less 
than  one-tenth  the  amount  of  his  bid  (the  amount  to  be  determined  at  time  of 
award),  said  amount  to  be  forfeited  to  the  United  States  in  case  of  failure  on  the  part  of 
said  bidder  to  fully  comply  in  each  and  every  particular  with  the  terms  of  the 
award,  according  to  the  true  intent  and  meaning  thereof. 

In  order  also  to  secure  prompt  deliveries,  there  has  been  inserted  a  special  agree- 
ment by  which  the  contractor  was  made  to  forfeit  to  the  United  States,  lor  each  and 
every  day  in  excess  of  20  days  (except  in  special  cases)  required  to  deliver  the 
goods  after  the  receipt  of  the  order,  the  sum  of  not  less  than  1  per  cent,  ot  the 
amount  of  the  order,  the  contractor  beinff  thus  made  to  suffer  for  his  delays  and 
defaults  when  it  was  found  that  they  coula  have  been  avoided ;  the  result  has  been 
to  secure  a  more  expeditions  delivery  on  all  orders  issued  than  heretofore. 

OPEN  MARKBT  PURCHASES. 

On  January  84, 1890,  recommendation  was  made  that  the  limit  then  fixed,  namely, 
15  for  purchases  in  open  market,  be  increased  to  $20;  this  recommendation  was 
based  upon  an  experience  of  several  years,  and  was  offered  with  the  belief  that  the 
interests  of  the  Government  would  be  fully  subserved  by  allowing  a  proper  discre- 
tion in  such  cases  where  the  amount  involved  did  not  exceed  f^O,  so  tiiat  formal  pro- 
posals might  be  invited  or  not,  as  the  circumstanoes  of  eaoh  particular  case  might 
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seem  to  demand ;  after  an  Informal  oonanltation  with  the  Treaanrr  Department,  the, 
recommendation  as  made  was  approved,  and  the  result  has  been  highly  satis&otory. 
It  hai>  materially  reduced  the  number  of  formal  proposals,  thereby  lessening  the 
work  not  only  of^this  office  but  of  the  acoonnting  officers  of  the  TreanHry,  where  such 
papers  had  to  be  subsequently  handled  and  nied,  and,  it  is  confidently  belieyed, 
without  increasing  the  cost  to  the  United  States. 

BBQUISITIOK8  AND  OBDBBS. 

There  were  made  during  the  year  on  the  Supply  Division  ol  the  War  Department 
the  following  requisitions: 

For  stationery ..* 122 

For  miscellaneous  articles 151 

For  books  and  periodicals 13 

Total 286 

There  were  also  issued  the  following : 

Orders  on  contractors 464 

Letters  of  authority  to  stations— ....•• 606 

Total , 1.160 

Referring  to  the  allotments  to  this  office  of  the  appropriations  for  *<  Stationery  " 
and  for  "  Contingent  Expenses'*  of  the  War  Department  and  its  Bureaus,  it  is  sug- 
gested, instead  or  making  requisitions  as  now  on  the  Snpplv  Division  of  the  War  De- 
partment for  such  articles  as  may  be  needed  under  the  allotments  mentioned,  that 
this  office  be  allowed  to  purchase  or  procure  directly  from  the  contractors  or  other- 
wise such  articles  as  may  be  required  for  use  in  this  Bureau,  and  forward  properly 
approved  accounts  therefor  to  the  disbursing  clerk  of  the  War  Department  for  pay- 
ment. 

This  suggestion  is  made  in  view  of  the  fact  that,  as  the  Signal  Office  is  situated  so 
far  away  mm  the  Supply  Division,  the  base  of  supplies,  much  time  is  lost  and  delay 
experienced  in  complying  with  the  formalities  required  to  obtain  even  the  most  in- 
expensive but  necessary  articles.  Besides,  on  several  occasions,  it  has  been  noticed 
that  articles  could  be  procured  from  dealers  direct,  not  only  in  less  time,  but  for  less 
money  than  they  could  be  obtained  from  or  through  the  Supply  Division  of  the  War 
Department,  and  also  for  the  more  important  reason  that  the  Chiefs  of  Bureaus  are 
required  to  submit  estimates  for  the  funds  required  and  are  personally  called  upon 
to  explain,  before  the  Appropriation  Committees  of  Congress,  the  necessity  for  the 
sums  asked,  and  the  said  chiefs  are  morally  responsible  tor  the  proper  expenditure 
of  the  appropriation  when  made. 

Under  the  present  arrangement  this  office  is  required  to  submit  a  formal  requisi- 
tion for  the  most  trivial  article,  being  obliged  to  make  out  a  requisition  on  a  special 
blank  fblne  paper)  for  any  article  of  stationery  which  may  happen  to  be  on  the  reg- 
ular schedule,  a  separate  similar  requisition  for  any  article  not  on  the  schedule ;  to 
make  a  requisition  on  a  special  blank  (yellow  paper)  for  any  article  of  a  miscellaneous 
character  on  the  regular  schedule,  a  separate  similar  requisition  for  any  article  not  on 
the  schedule ;  to  make  a  recjuisition  on  a  special  blank  (white  paper)  for  any  book  or 
periodical  which  may  be  desired,  entailing  a  useless  expenditure  ox  time  and  labor  on  a 
plan,  it  may  be  added,  which  hardly  seems  to  be  in  accord  with  proper  business 
methods. 

The  methods  of  this  Bureau  are  such  that  the  exact  status  of  each  of  the  appro- 
priations disbursed  by  this  office,  aggregating  hundreds  of  thousands  of  dollars,  is 
shown  each  day  by  means  of  a  rou(i^  balance  sheet,  fixim  which  is  prepared  at  the 
close  of  business  at  the  end  of  each  month  a  detailed  statement  showing  the  amounts 
available;  but  this  plan  is  not  possible  in  connection  with  the  allotments  for  station- 
ery and  contingencies  as  now  handled, 

CLBBICAL  VOROB. 

On  July  1,  1889,  there  were  employed  in  this  division  71  persons— 3  enlisted  men 
and  68  civilians ;  the  71  employ^  being  distributed  as  follows :  Clerks,  0  enlisted 
men  and  25  oivilians ;  mechanics,  messengers  and  laborers,  3  enlisted  men  and  43 
civilians. 

On  June  30,  1890,  there  were  employed  in  this  division  60  persons;  3  enlisted  men 
and  57  oivilians;  the  60  employes  being  distributed  as  follows:  Clerks,  0  enlisted 
men  and  22  civilians;  mechanics,  messengers,  and  laborers,  3  enlisted  men  and 35 
civilians. 

It  will  be  noticed  that  there  were  on  duty  on  June  30,  VS90, 3  olerks  leas  than  oa 
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July  1, 1889,  yet  the  work  has  been  kept  well  in  handy  and  at  this  time  there  is  no 
no  finished  basiness,  except  that  which  has  aocnmnlated  in  the  last  month,  on  aoconnt 
of  the  opening  of  the  bids  for  the  annnal  supplies,  and  even  this  work  is  well  under 
way  ana  will  soon  be  disposed  of. 

This  state  of  thinss  has  been  largely  brought  about  by  the  plan  proposed  last  year 
by  this  division  to  include  in  the  Teases  the  various  items  of  expense  inoidental  to 
the  hiring  of  offices,  such  as  heat,  light,  janitor  services,  etc.,  thus  not  only  reducing 
the  numl^r  of  small  accounts,  but  securing  a  more  efftcient  service. 

CARPSNTKR  SHOP. 

In  the  carpenter-shop  the  usual  quantity  of  work  has  been  done,  consisting  of  Job- 
bing and  repairs  about  the  office,  and  the  two  men  employed  have  been  busily  en- 
gaged during  the  entire  year. 

nCCRBASB  OV  SATJMinta 

While  all  the  clerks  of  the  Accounts  Division  are  to  be  commended  for  faithfhl  and 
efficient  work,  yet  the  gentlemen  who  are  in  charge  of  sub-divisions  or  sections  are 
particularly  to  be  praised  for  the  energetic  manner  in  which  they  have  pushed  the 
work  of  the  division  during  the  fiscal  vear  ended  June  30, 1890,  making  it  possible  to 
do  more  work  with  a  less  number  of  clerks  than  could  have  been  done  otherwise. 

These  clerks  receive  but  |1,200  per  annum  each,  and  it  is  submitted  that  the  pay 
is  not  commensurate  with  the  responsibility  which  attaches  to  their  positions.  I 
woald  suggest  that  in  submitting  future  estimates  for  salaries  provision  be  made  for 
1  clerk  01  class  3  and  3  of  class  2  for  this  division,  in  lieu  of  1  clerk  of  class  2  and  3 
clerks  of  class  1. 

Very  respectfully, 

ROBT.  CSAICT, 

Captain  and  A,  Q.  M,,  U.  8.  A.,  DiibnrHng  QjlUer,  Signal  B9rvie$, 
The  GHnsF  Signal  Ovfiokb. 
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BEPOBT  OF  THE  EXAMINES?8  DIVISION. 

Signal  Offick, 
Watihington  CUy,  July  23,  1890. 

Snt:  I  hAYe  the  honor  to  report  that  for  the  first  time  in  the  history  of  the  diyision, 
the  examination  of  all  property  returns  had  been  completed  at  the  end  of  the  flsoal 
year,  and  all  hnt  three  aooonnts-ourrent  had  reoeiveo  critical  somtiny.  The  final 
disposition  of  the  arrearages  of  back  years  was  also  involved  in  the  general  clean- 
ingnp. 

On  Jannary  1,  1890,  new  methods  were  introduced  into  the  system  of  property  ac- 
conntabilitv.  rart  of  the  material  of  an  expendable  nature— that  is,  of  the  kind 
which  would  naturally  be  used  up  in  the  course  of  public  business — ^was  then  ordered 
to  be  carried  upon  a  statement  independent  of  the  return  which  embraces  only  ar- 
ticles of  a  permanent  and  lasting  character.  In  consequence,  the  number  of  vouch- 
ers is  much  diminished,  and  while  there  has  been  a  considerable  increase  in  corre- 
spondence incidental  to  the  explanation  of  new  rules,  yet  under  them,  and  because  of 
the  rendition  of  semi-annual  returns  instead  of  quarterly,  and  also  to  a  considerable 
degree,  because  of  the  intelligent  persisteni  work  of  the  clerical  force,  the  division 
has  been  enabled  to  make  its  satisfactory  showing. 

Upwards  of  36,500  papers,  including  accounts-current,  returns,  vouchers,  state- 
ments, letters,  etc.,  have  oeen  handled  during  the  year. 

Capt.  James  Allen,  Third  Cavalry,  Signal  Officer,  was  in  charge  of  the  division 
during  Febrnaij  and  April,  1890:  First  Lieut  B.  £.  Thompson,  Sixth  Infantry,  Signal 
Officer,  during  October,  1889,  ana  May  and  June,  1890 ;  Second  Lieut. W.  A.  Qlassford, 
Signal  Corps,  Signal  Officer,  during  November  and  December,  1869,  and  January  and 
March.  1890,  and  Second  Lieut.  Frank  Greene,  Signal  Corps,  Signal  Officer,  during 
July,  August,  and  September,  1889. 
Very  respectfully, 

R.  E.  Thompson, 
Flrsi  Lieutenantf  Sixth  Infantry,  Signal  OjlU^,  EiMminer, 

The  Chief  Siqkal  Onricsiu 
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JSEPOBT  OF  TSS  OFFICEB  IN  CHARGE  OF  THE  PACIFIC  COAST  DIVISION. 

Signal  Servicb, 
San  Francisco,  Cat,  July  21,  1890. 

Sir:  I  have  the  honor  to  mate  the  following  report  of  the  oi>erations  of  the  Pacifio 
Coast  Division  dnring  the  year  ending  June  30,  1890. 

The  principal  work  of  the  division,  that  of  making  weather  forecasts  for  the  Paolfio 
Coast  States  has  been  oontinned,  forecasts  having  been  made  each  morning  and 
night,  except  on  Sunday  momioKfli  for  the  four  districts  of  Oregon,  Washington,  north- 
em  California,  and  southern  California. 

Special  forecasts  have  also  been  made  and  telegraphed  daily  daring  the  rainy 
season  to  28  points  in  Oregon,  Washington,  Califoruia,  and  Nevada.  At  all  these 
places  signal  flags  have  been  displayed,  thns  insuring  a  wide  publication  of  the  daily 
forecasts. 

Special  warnings  of  rain  for  the  benefit  of  the  raisin-growers  were  sent  out  daring 
the  raisin-drying  season  and  were  the  means  of  saving  large  quantities  of  raisins  from 
damage  ftom  the  early  rains,  which  during  the  past  season  were  unusually  heavy. 
These  warnings  were  sent  to  the  observers  of  this  service  at  Los  Angeles^  San  Diego, 
and  Fresno  and  also  to  points  in  the  raisin  districts  to  which  the  telegraphing  of  the 
daily  forecasts  bad  been  authorized.  From  these  points  the  warnings  were  widely 
disseminated,  being  sent  to  all  persons  re<][uesting  them  at  their  own  expense.  Past 
experience  having  shown  that  such  warnings  can  be  given  with  great  accuracy  and 
that  they  are  of  the  greatest  value  to  the  raisin-growers,  it  is  recommended  that  this 
office  be  authorized  to  send  these  warnings  at  the  expense  of  this  service  to  all  points 
where  a  trustworthy  person  will  agree  to  hulletin  the  messages  received  for  the  bene- 
fit of  the  general  public.  To  a  certain  extent  this  has  been  done  in  the  past,  notice 
having  been  given  that  the  daily  forecasts  would  be  telegraphed  to  any  place  where 
signal  flags  would  be  procured  and  displayed.  This,  however,  has  not  fully  met  the 
wants  of  the  raisin-growers,  as,  in  southern  California,  during  the  raisin-drying  sea- 
son the  occurrence  of  rain  is  so  infrequent  that  many  do  not  feel  inclined  to  incur  the 
trouble  involved  in  the  daily  display  of  flags,  who  nevertheless  would  be  glad  to 
receive  special  warnings  of  rain. 

The  display  of  cautionary  and  storm  signals  at  Eureka,  porta  at  the  mouth  of  the 
Columbia  River  and  on  Puget  Sound  has  been  continued  during  the  year.  Owing, 
however,  to  the  fact  that  these  cautionary  signal  stations  are  at  isolated  points  off 
the  main  telegraph  lines,  and  that  the  past  season  has  been  a  notable  one  for  its  heavy 
rains  resulting  in  frequent  breaks  in  the  tele^aphic  service  to  these  points,  the  order- 
ing of  signals  has  been  greatly  interfered  with. 

Meteorological  reports  from  about  30  voluntary  observers  have  been  received 
monthly  and  forwarded  to  the  Chief  Signal  Officer  for  use  in  the  compilation  of  the 
Monthly  Weather  Review  and  for  file.  On  account  of  the  many  local  pecnliarities  in 
the  occurrence  of  frost  and  rain  at  stations  on  the  Pacific  coast,  these  reports  would 
be  of  great  aid  in  study  and  would  enable  greater  accuracy  to  be  obtained  in  the 
specialforecasts  sent  to  points  at  a  distance  from  Signal  Service  stations,  if  some  plan 
were  devised  whereby  these  reports  could  be  left  in  the  hands  of  the  officer  in  charge 
of  this  division  for  a  longer  time  than  is  now  the  case. 

A  weather  summary  accompanied  by  a  rainfall  table  showing  the  monthly  and 
seasonal  rainfall  at  about  75  selected  stations  together  with  a  comparison  with  the 
normal  rainfall,  has  been  issued  at  the  beginning  of  each  month  except  during  mid- 
summer. This  summary  has  been  compiled  from  the  telegraphic  reports  received 
from  Signal  Service  stations  and  those  of  the  Southern  Pacific  Railway  Company.  A 
short  table  showine  the  meteorological  conditions  at  18  stations  has  been  prepared 
each  month  for  publication  in  the  Occidental  Medical  Times. 

The  Point  Reyes  telegraph  line  has  remained  in  charge  of  this  office  daring  the 
year.  For  only  a  little  over  2  months  has  direct  communication  with  Point  Keyes 
been  maintained.  During  the  remainder  of  the  year  that  portion  of  the  line  between 
Ti  baron  and  Point  Reyes  has  been  kept  up  and  the  operator  of  the  San  Francisco  and 
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North  Paoifio  Railway  Companjr  employed  to  transfer  all  messages  from  Point  Reyes 
to  the  lines  of  the  Western  Union  Company. 

The  cable  connecting  Fort  Mason  and  Aloatras  Island  was  raised  and  after  being 
repaired  was  relald  Angnst  SI.  The  old  abandoned  cable  between  these  two  points 
had  been  recovered  the  month  ppevions.  On  August  20  the  cable  between  Angel  and 
Aloatras  Islands  was  broken  by  a  vessel's  anchor  and  was  repaired  September  3. 
From  this  date  to  November  7  the  line  was  maintained  in  its  entirety.  On  that  date 
the  Fort  Mason  cable  was  again  broken  and  direct  communication  with  Point  Reyes 
preveoted. 

Fonr  hundred  and  fifty-six  weather  and  vessel  reports  have  been  received  from 
Point  Reyes  during  the  year  and  113  vessels  have  been  reported. 
I  am,  six,  very  respectfiilly,  your  obedient  servant, 

J*  S«  Majlpibld, 
Sdcond  LieuUiuuit,  Signal  CorpK 
The  Chief  Signal  OffiobIi, 

U,  S,  Army^  Wa$hington,  D.  0. 


APPENDIX  23. 

MEMORANDUM  ACCOMPANYING  BEPOBT  OF  SEBGEANT  MOBBILL  ON 

PABIS  EXPOSITION 

EXHIBIT. 

The  exhibit  oooiprised  a  set  of  the  pablications  of  the  senrioe^  a  Bmall  display  of 
instmments,  and  a  set  of  orig^inal  charts  recently  compiled  from  the  eifi^hteen  years' 
observations  taken  in  the  United  States  and  from  the  mteroational  observationsy  the 
reduction  of  which  has  been  performed  by  the  Signal  Service. 

The  publications  Hho?m  embraced  52  bound  volumes,  including  the  Annual  Reports, 
Monthly  Weather  Reviews,  Professional  Papers,  Signal  Service  Notes,  and  reports  of 
Arctic  Expeditions,  together  with  minor  publications.  There  were  also  included  in  the 
exhibit  3,000  copies  of  pamphlets,  charts,  and  weather  maps,  which  have  been  issued 
from  time  to  time  for  the  public  benefit.    The  latter  were  distributed  to  interested 

Sarties  during  the  progress  of  the  Exposition,  as  illustrative  of  the  work  done  by  the 
ignal  Service  in  giving  to  the  public  meteorological  information. 

The  instrumental  display  included  only  the  more  distinctively  American  of  our  ordi- 
nary station  instruments,  no  attempt  being  made  to  show  instruments  of  fine  and  ex- 
pensive workmanship.  It  consisted  of  the  triple  self-register  with  accompanying 
anemometer,  wind-vane,  and  recording  rain-guage,  together  with  a  mountain  ba- 
rometer. The  wind- vane  was  a  miniature  one,  designed  to  illustrate  the  contact  ap- 
paratus employed.  The  rain-guage  was  of  the  form  recently  designed  by  Professor 
Marvin,  of  the  service,  and  now  in  current  use. 

The  charts  comprised  41  sheets,  forming  two  series,  vis :  (1)  The  International 
Series,  consisting  of  normal  storm  tracks  for  January  and  July,  mean  annual  temper- 
ature, mean  annual  rainfall,  and  normal  barometer  and  wind  direction  for  January 
and  July,  throughout  the  northern  hemisphere;  (2)  the  United  States  Series,  em- 
bracing normal  monthly  rainfall  for  each  month,  annual  rainfall,  rain-wind  charts 
for  each  month,  snow  on  the  ground  at  end  of  1888,  the  total  snowfall  of  January, 
1889,  average  dates  of  first  and  last  killing  frosts,  annual  depth  of  evaporation,  lowest 
minimum  temperatures,  highest  maximum  temperatures  throughout  the  United  States, 
chart  showing  distribution,  nature,  and  number  of  stations  connected  with  the  United 
States  Signal  Service,  chart  showing  location  of  regular  Signal  Service  stations,  and 
chart  showing  the  telegraph  circuits  used  in  the  transmission  of  weather  reports.  In 
addition  to  these  were  a  set  of  mounted  daily  weather  maps,  showing  the  progress  of 
the  severe  storm  of  January  6  to  10,  1886,  with  accompanying  set  of  indication  charts, 
and  a  similar  set  of  charts  illustrative  of  the  March  blizzanl  of  1888.  It  is  to  be  re- 
gretted that  the  United  States  charts  could  not  include  the  normal  temperatures, 
owing  to  the  state  of  the  data. 

INSTALLATION. 

The  United  States  Section  of  Liberal  Arts,  to  which  category  this  exhibit  was  as- 
signed in  accordance  with  the  rulings  of  the  French  authorities,  was  installed  in  the 
gallerv  of  the  entrance  hall  on  the  Avenue  Saffron  side  of  the  Champs  de  Mars.  The 
ignal  Service  was  allotted  a  space  3.5  metres  in  width  by  2.5  metres  in  depth,  facing 
directly  on  the  passage  way  at  the  end  of  the  gallery.  To  utilize  as  completely  as  pos- 
sible this  space,  1  had  erected  across  the  back  and  at  the  two  sides  a  counter  0.7  metre 
wide,  which  was  covered  at  the  sides  and  on  top  with  suitable  cloth,  and  faced  with 
an  ebonized  molding  at  top  and  bottom.  The  wall  at  the  back  was  covered  with 
the  same  cloth  to  a  height  of  3.5  metres  above  the  counter,  and  surrounded  by  a  similar 
molding.  The  wall  space  thus  obtained  was  employed  for  the  display  of  some  of  the 
more  distinctive  charts^  the  remainder  being  displayed  on  one  of  the  side  counters  in 
portfolios.  The  opposite  side  was  used  for  display  of  instruments,  and  the  rear 
counter  gave  suitable  space  for  the  publications.  The  central  space,  1 . 1  by  2.2  metres, 
was  left  open  at  the  front  and  carpeted.  The  whole  was  upon  a  raised  platform  0.2 
metre  in  height.  The  installation,  while  necessarily  inexpensive,  was,  on  the  whole, 
presentable,  and  compared  favorably  with  adjacent  exhibits.  The  entire  United  States 
section  was  somewhat  deficient  in  finish  and  elegance. 
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FOREIGN   METEOROLOGICAL  EXHIBITS. 

The  display  of  meteorological  matters  in  the  Ezj^osition  was  not  large.  No  meteoro- 
logical Hervice  other  than  onr  own  made  an  individoal  display.  There  were  several 
euiibits  of  apparatus  by  manufacturers,  the  best  being  that  of  Richard  Freree.  This 
iirm  showed  tfieir  well-known  forms  of  registering  thermometers  and  hyg^metera, 
sunshine  recorders,  anemographs,  etc. 

In  new  apparatus  I  noted  especially  an  instrument  for  recording  by  a  continnous 
curve  the  rapidity  of  electrical  contacts  and  thus,  by  a  suitable  oontact-maker  upon 
the  ordinary  Robinson  anemometer,  enabling  the  registration  of  the  Telocity  of  the 
wind  in  the  form  of  a  continuous  curve  with  ordinates  proportional  to  the  velocity  at 
any  instant  of  time.  The  mechanism  by  which  this  resnlt  was  obtained  was  not  ob> 
vious,  but  in  general  appearance  the  instrument  resembled  the  tele-thermograph 
register  made  by  the  same  firm  and  recently  introduced  in  the  Signal  Service  and  the 
registration  was  upon  a  vertical  cylinder  as  in  that  case.  The  instrnment  was  em- 
ployed at  the  Exposition  to  register  the  wind  velocity  at  the  top  of  the  Tonr  Eiflfel, 
some  2,000  feet  distant,  and  set^med  to  work  very  suooessfnlly.  The  advantages  of 
snch  a  record  of  wind  velocity  over  the  movement  by  miles,  which  is  registered  by 
the  Signal  Service  instrument,  are  plainly  obvious  and  the  instrument  is  worthy  of 
consideration  by  the  service.  The  same  tirm  exhibited  a  spring  seismograph,  adapted 
to  continnous  registration  upon  the  usnal  vertical  cylinder.  A  strong  curved  spring 
firmly  attached  to  the  base  supports  a  stout  rod,  upon  which  is  a  sliding  weighl  To 
a  long  pivoted  arm  carrying  the  pen  is  attached  a  short  arm  which  rests  loosely  against 
the  stout  rod  by  the  pressure  of  a  light  spring.  Every  oscillation  of  the  rod  causes  a 
magnified  motion  of  the  pen  and  consequent  departure  from  the  normal  straight  line 
made  upon  the  registering  cylinder. 

Near  the  exhibit  of  the  Kichard  Bros,  was  an  exhibit  of  thermometera,  graduated 
tubes,  pipettes,  etc.,  by  the  noted  maker  Bandiu,  but  containing  nothing  especially 
new  or  noteworthy. 

In  the  Dutch  Section  was  an  exhibit  by  Olland  of  Utrecht,  which  contained  an  In- 
strument for  recording  the  force  and  direction  of  the  wind,  worthy  of  notieeforits 
direction-register.  This  was  so  made  as  to  distinguish  without  possible  donbt  the 
veering  and  backing  of  the  wind.  The  wind  vane  carried  with  it  a  preesore  plate 
made  on  Oster^s  principle  and,  rigidly  attached  to  it,  is  a  vertical  rod  which  descends 
to  the  register.  On  ttie  lower  end  of  this  rod  is  mounted  the  main  drum.  A  second 
drum  of  the  same  size  is  mounted  on  a  parallel  axis  removed  from  the  first  a  distance 
eqnal  to  the  eircnmference  of  the  drum.  An  endless  belt  surrounds  the  two  drums 
and  is,  from  their  position,  in  length,  three  times  the  circumference  of  either.  Three 
siphon  pens  are  hung  on  tliiti  belt  at  equal  intervals.  The  registering  cylinder  tnms 
on  a  horizontal  axis  parallel  to  one  of  the  straight  sides  of  the  endless  belt  which 
carries  the  pens.  The  position  of  the  wind-vane  is  recorded  continuously  and  when 
the  vane  has  revolved  360  degrees,  a  second  pen  takes  the  place  of  the  one  which  haa 
traveled  the  length  of  the  register.  From  the  inclination  of  the  trace  across  the 
rlcord-sheet,  one  sees  at  a  glance  whether  the  wind  has  backed  or  veered.  The  outer 
halves  of  the  drums  and  the  sidf'of  the  belt  remote  from  the  registering  cylinder  are 
snrronnded  by  a  brass  frame,  which  lifts  the  pen  from  the  recoA-sheet  at  the  end  of 
its  path  and  causes  the  next  one  to  begin  its  record  at  the  proper  point.  To  register 
the  force  of  the  wind,  a  cord  from  the  pressure-plate  passes  over  pulleys  and  is  attached 
to  a  carriage  which  runs  on  a  track  parallel  to  the  registering  cylinder.  The  carriage 
bears  a  siphon  pen,  which  makes  a  trace  on  the  record  sheet,  the  displacement  betng 
proportional  to  the  force  of  the  wind.  The  time-spaces  are  marked  upon  the  sheet 
bv  pens  fixed  to  a  sliding  bar,  parallel  to  the  cylinder  and  moved  in  the  direction 
of  its  length  at  the  end  of  each  hour.  This  method  of  recording  the  time  adds 
nothing  to  the  accuracy  over  that  by  a  divided  sheet  as  it  is  made  by  the  same  dock 
that  drives  the  cylinder,  but  it  would  allow  the  use  of  a  roll  of  paper  for  several  days' 
record. 

In  the  work  of  the  Signal  Service  npon  atmospheric  electricity,  recently  brought  to 
a  close,  the  need  was  felt  of  some  simple  electrometer,  which  would  give  direct  read- 
ings by  a  needle  and  scale.  Snch  an  instrument  was  shown  by  J.  Carpenter  in  his 
exhibit  of  electrical  apparatus  in  the  Palais  des  Machines.  The  quadrants  of  the 
usual  Mascart  electrometer  have  been  replaced  by  segments  of  an  elongated  cylinder 
and  similar  cylindrical  segments  but  smaller  have  been  placed  inside  and  concentric 
with  them.  The  needle,  instead  of  being  a  thin  pair  of  sectors  connected  by  radial 
strips,  is  a  segment  of  a  cylinder  intermediate  in  diameter  between  the  outer  and  in- 
ner quadrantal  segments.  The  oscillations  of  the  needle  are  checked  by  placinf^  the 
whole  in  the  magnetic  field  between  the  poles  of  a  horse-shoe  magnet.  By  this  ai^ 
rangement  the  instrument  is  made  nearly  aperiodic  and  the  range  of  motion  is  sof- 
ficient  to  allow  readings  on  a  circular  scale  by  attached  pointer.  The  axis  of  the 
needle  is  made  either  vertical  or  horizontal;  in  the  former  case  the  suspension  istor- 
sion  and  in  the  latter  on  knife  edges. 
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In  the  Swiss  Section  the  Geneva  sooiety,  among  their  well-known  measnring  instru- 
ments, showed  a  oathetometer  on  the  model  designed  by  Proft^ssor  Mendenhall  for  the 
use  of  the  service.  It  was  de8ignated  '^The  American  Model."  They  also  exhibited 
a  dynamometer  for  tension  tests,  which  would  be  convenient  in  the  testing  of  tele- 
graph wire.  It  consists  of  two  pairs  of  wheels.  One  pair  is  attached  by  a  rod  to  the 
spring  dynamometer,  and  the  other  pair  to  a  screw,  which,  working  in  a  rotating  nut 
in  a  small  bevel-wheel,  is  moved  by  the  action  of  a  larger  bevel-wheel,  which  is 
turned  by  a  handle.  The  dynamometer  is  furnished  with  a  dial,  indicatiug  to  250 
pounds.  In  use,  the  wire  to  be  tested  is  placed  between  the  two  pairs  of  wheels,  be- 
ing fastened  to  each  pair  by  a  thumb-screw  and  Jaws.  The  whole  forms  a  very  com- 
pact machine  for  li^ht  testing,  such  as  telegraph  wire. 

In  the  exhibit  ot  the  French  minister  of  public  instruction  was  shown  a  Mascart 
photographic  register  similar  to  that  employed  in  my  work  in  atmospheric  electricity, 
but  fitted  for  recording  three  curves  synchronously  on  the  same  sheet.  This  was  ac- 
complished by  placing  in  front  of  the  slit  of  the  register  two  vertical  mirrors,  one  on 
each  side  and  inclinea  at  an  angle  of  45  degrees.  The  indicating  iustroroent,  in  this 
case  magnetic,  provided  with  lamps  and  reflecting  mirrors,  was  so  placed  that  a  ray 
of  light  falls  directly  on  the  central  portion  of  the  sensitive  plate,  while  other  rays  are 
reflected  by  the  fixed  mirrors  to  fall  one  on  each  side  of  the  plate.  In  the  same  ex- 
hibit was  shown  bv  the  Observatory  of  Lyons  an  ingenious  clock,  or  rather  seconds' 
pendulum  actuated  solely  by  electricity.  This  might  be  useful  in  the  laboratory,  be- 
ing designed  to  make  and  break  an  exterior  circuit  each  second.  In  this  case  there  is 
a  permanent  horseshoe  magnet,  through  the  poles  of  which  run  two  rods,  the  latter 
held  by  blocks  and  adjustable  by  means  of  tne  screw-threads  playing  in  them.  An 
electro-magnet  is  pivoted  below  to  a  proper  support  so  that  its  upper  pole  comes  be- 
tween the  poles  ox  the  horseshoe  magnet.  From  a  bar  attached  to  the  base  of  the 
electromagnet  depends  a  curved  piece,  the  latter  hanging  freely  so  as  to  allow  the 
pendulum  below  to  bang  freely  without  strain  upon  th^j  axis.  Attached  to  the  above 
curved  piece  is  a  flat  spring,  to  the  lower  end  of  which  is  hung  the  pendulum  prciper 
by  means  of  a  pivot  arrangemenK  About  a  foot  from  the  upper  end  of  the  pendu- 
lum is  attached  the  contact-making  arrangement,  described  as  follows: 

A  small  permanent  magnet  is  nttached  to  the  pendulum  at  the  rear.  Two  horizon- 
tal bars  otiron,  serving  as  armatures  to  the  poles  of  the  permanent  magnet,  are  at- 
tached to  curved  bars  of  brass,  and  pivoted  on  a  fixed  support  near  the  pendulum  rod 
when  in  its  middle  position.  The  outer  ends  of  the  curved  bars  of  brass  are  provided 
with  contact  pins,  closely  above  which  are  light  springs  firmly  attached  to  stationary 
blocks.  With  each  swing  of  the  pendulum  the  respective  poles  of  the  horseshoe  mag- 
net are  brought  alternately  above  the  corresponding  iron  armature.  The  latter  is 
lifted  but  prevented  from  touching  the  magnet  by  appropriate  stops.  As  the  arma- 
ture is  lifted  contact  is  made  at  the  contact  pins  and  spring.  The  circuit  thus  closed 
is  so  arranged  as  to  alternately  polarize  the  electro-magnet  described  above  io  oppo- 
site sense,  and  by  the  attraction  and  repulsion  of  the  poles  of  the  larger  permanent 
magnet,  also  described  above,  impulses  are  given  alternately  in  opposite  directions 
through  a  spring  to  the  pendulum.  These  impulses  serve  to  overcome  the  resistance 
of  the  air  and  friction  of  the  pivot,  and  thus  the  pendulum  is  kept  in  motion  after  be- 
ing once,  started.  The  same  contacts  serve  to  complete  each  second  the  exterior  cir- 
cuit, which  can  be  employed  to  control  electric  docks  or  to  register  on  a  chronograph. 

Many  inbtruments  other  than  those  above  described  were  of  course  exhibited,  but 
mostly  valuable  aa  indicating  the  manufacturing  facilities  of  the  makers,  or  else  well 
known  in  this  country  already,  and  not  of  special  suggestiveness  for  the  purposes  of 
a  practical  meteorological  service  like  our  own 

A  brief  notice  of  the  central  meteorological  bureau  of  France  may  not  be  out  of  place 
in  this  connection,  inasmuch  as  I  there  saw  several  ingenious  pieces  of  apparatus. 
I  found  the  French  service  housed  in  a  rambling  stone  building,  seemingly  rather 
inconvenient.  The  library  was  small  but  valuable,  and  the  laboratory  facilities  as 
poor  as  our  own.  Ascending  to  the  top  of  a  small  square  tower  is  found  one  instru- 
ment shelter,  and  a  second  is  situated  on  the  ground  in  the  central  garden.  The  shelter 
diflers  materially  irom  that  of  the  Sienal  Service;  the  top  has  two  roofs,  one  a  foot 
above  the  other,  and  the  upper  is  made  of  sheet  iron.  The  sides  are  a  single  lattice, 
except  toward  the  north,  tne  northern  side  being  covered  only  by  wire  netting  with 
meshes  an  inch  square;  the  bottom  was  entirely  open.  The  roof  shelter  looked 
directly  down  upon  a  tinned  roof  a  few  feet  below,  from  which  the  radiation  must  be 
excessive  upon  a  hot  day. 

A  registering  rain  gauge  was  in  use,  of  simple  construction,  made  as  follows: 

From  the  gauge  a  small  pipe  descends  through  the  roof  to  a  tank  of  about  half 
the  sectional  area  of  the  gauge.  A  float  in  the  tank  depends  by  a  cord  from  the 
recording  x>en  of  a  Bichard  register,  the  weight  upon  the  pen  lever  being  sustained 
by  a  light  spring.  As  the  float  rises  from  the  influx  of  water  from  the  gauge  the 
trace  of  the  ])en  rises,  the  ordinate  of  the  curve  at  any  point  being  proportional  to 
the  total  rainfall  since  the  start,  the  rate  of  fall  at  any  given  time  being  indicated 
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b^  the  inolination  of  the  tanfcent  to  the  trace.  For  recording  the  velocity  of  tbe 
windy  the  new  instrament  of  Richard  Freres,  already  described,  was  in  nse.  For  the 
direction  of  the  wind  a  registering  oyhnder  revolving  with  the  wind  vane  was 
employed,  the  tracing  pen  moving  vertically.  An  interesting  instrument  was  sn 
aspirator  for  registering  the  force  of  the  wind,  as  foUows :  An  iron  tnbe  ending  in  a 
blont  point  with  small  opening  was  extended  several  feet  above  the  roof.  From 
the  bottom  of  this  a  flexible  tube  descended  to  the  top  of  a  closed  cylinder,  parti? 
filled  with  oil.  This  cylinder  was  connected  by  a  tube  to  a  similar  open  cylinder,  the 
two  forming  a  sort  of  U-^tibe  device,  the  oil  partly  filling  both  cylinders.  A  float  in 
one  depends  by  a  cord  from  the  registering  pen  through  the  intervention  of  two  carved 
bars  arranged  to  roll  upon  each  other.  The  float  is  attached  to  the  lower  bar.  which 
is  pivoted  at  one  side  and  is  pressed  upward  by  a  spring.  A  counterpoise  fldlows  of 
adjustment  and  keeps  the  upper  curved  bar  in  contact  with  the  lower.  The  pen  and 
registering  cylinder  are  of  the  usual  Richard  type.  The  wind  blowing  acrom  the 
open  end  of  the  exposed  tube  causes  a  diminnation  of  tiie  pressure  in  uie  cylinder, 
and  the  oil  flows  nrom  one  to  the  other,  thereby  changing  its  level  and  lowerirs 
the  float.  By  the  intervention  of  the  two  curved  bars  the  motion  of  the  pen  for  light 
winds  is  made  relatively  greater  than  for  heavier  ones,  and  the  record  is  thus  made 
legible  while  still  covering  a  sufficient  range.  The  equipment  for  est-ablishiog  a 
standard  of  thermometry  and  comparing  thermometers  was  good,  while  in  no  sense 
novel.  The  standard  barometer  of  the  French  service  is  a  tuM  of  large  bore,  drawn 
to  a  small  opening  at  the  base,  and  descends  into  a  large  open  mercnry  tank.  A 
curious  method  of  determining  the  temperature  of  the  column  has  been  adopted.  A 
thermometer  is  placed  in  a  short  open  tube  of  mercury,  which  is  placed  at  the  middle 
height  of  the  barometer  column  and  some  inches  away.  To  determine  the  height 
of  the  column,  a  steel  bar  some  5  inches  in  length  and  pointed  at  both  ends  is  bo 
adjusted  that  its  lower  extremity  touches  the  surface  of  the  mercury  in  the  tank, 
and  the  distance  from  its  upper  end  to  the  top  of  the  column  is  measured  by  a  cathe- 
tometer  placed  a  few  feet  distant. 

AWARDS. 

The  estimation  in  which  the  Signal  Service  is  held  abroad  is  well  shown  by  the 
awwrd  of  a  grand  prize  in  each  of  the  three  classes  in  which  it  was  entitled  to  entry, 
and  in  reality  a  fourth  ^rand  prize  in  that  awarded  the  War  Department  for  the  Lady 
Franklin  Bay  Expedition.  This  bestowal  of  the  highest  possible  approval  upon  tht 
service  by  three  separate  bodies  of  jud^s,  not  merely  French,  but  international  in 
composition,  bespeaks  its  high  reputation  abroad.  Special  thanks  are  due  to  the 
American  members  of  the  three  juries  of  award  which  passed  upon  the  merits  of  the 
Signal  Service,  Mr.  Somerville  P.  Tuck,  Mr.  George  W.  Hayes,  and  Mr.  A.  L.  Rotch. 
for  the  kindly  interest  they  manifested  in  presenting  its  work  and  record  to  their 
respective  Juries. 

It  was  my  happiness  to  secure  the  presentation  of  the  name  of  Prof.  Cleveland 
Abbe  by  the  Commissioner  of  the  United  States  as  one  to  receive  the  diploma  o{ 
officer  of  the  academy  in  recognition  of  his  life-long  services  to  meteorological  science. 
This  well-merited  mark  of  esteem  has  been  bestowed  by  the  French  Gk>vemment. 
Respectfully  submitted  to  the  Chief  Signal  Officer, 

Park  Morrili., 
Sergeant^  Signal  Cam. 

Boston,  Mass.,  May  15, 1890. 


APPENDIX    24. 

RELATION  OF  DEW-POINT  TO  BAIN  F0BECAST8, 

By  Capt.  Jambs  Allbn,  SifffuU  Offieer. 

SiQNAii  Office.  War  DxpARtMKNT, 

WoiMngUm  City,  June  30, 1890. 

Sir  :  I  have  Btadied  dariDg  the  year  the  relations  of  the  energy  of  the  sarfaoe  air, 
as  represented  by  the  total  qaantity  of  heat  it  contained,  to  the  movement  of  storm 
centers  and  the  extent  of  accompanying  rain  areas.  The  energy  may  be  computed 
as  follows : 

Supposing  the  air  to  have  been  originally  at  32°  (and  that  its  volume  has  remained 
constant)  and  the  moistnre  in  it  water  at  32^^,  the  total  quantity  of  heat  applied  to 
reduce  to  the  state  of  observation  wUl  be: 

In  which  A  is  total  heat  per  unit  volame ;  t  the  temperature  of  the  air;  Q  the  total 
heat  of  vapor :  %he  specific  heat  of  air  at  constant  volume  being  taken  as  one-sixth 
(.168). 
From  Regnanlt's  formula  we  have — 

Q=1091.7+.305  (t-32). 

If  A  is  estimated  in  ponnd>degrees  Fahrenheit  the  mechanical  equivalent  will  be 
AJ=772  A  foot  pounds. 

If  we  divide  AJ  by  the  pressure  estimated  in  pounds  per  square  foot  it  will  give 
the  height  through  which  the  pressure  can  be  lifted,  if  all  the  heat  Is  spent  in  work 
by  expanding  the  air.    An  approximate  expression  for  the  upward  velocity  may  be 


spent  in  work.  The  theory 
point  where  V  is  the  greatest.  This  way  not  be  at  the  point  of  the  surface  where 
the  estimated  energy  is  the  greatest,  as,  however  great  an  amount  of  energy  is  avail- 
able, there  must  be  a  difference  of  potential  in  oroer  that  it  may  be  transmuted  and 
work  performed.  The  difference  of  potential  is  a  function  of  the  vertical  decrement 
of  temperature.  This  may  be  assumed  to  be  the  same  for  the  same  latitudes,  or  cal- 
culated from  a  mean  of  previous  observations,  or  obtained  from  such  tables  as  are 
available.  As  the  numbers  giving  the  total  number  of  heat  units  are  directly  pro- 
portional to  units  of  energy,  they  may,  for  a  relative  measure,  be  used  directly. 

For  instance,  a  cubic  &ot  of  air,  at  29  inches  pressure,  temperature  60°  F.  and 
dew-point  60°,  contains  509.2  grains  of  dry  air  and  5.8  grains  of  vapor  of  water. 

From  the  equation  A=g^*~^^Q 

o 

we  have  for  the  diy  air  5^(60-32)=5^X28=2376 

o  o 

and  for  the  moist  air  from 

Qsrl091.7-f.305  (f-33) 
we  have  1091-f  (.305x28)=1100iS 

This*  multiplied  by  5.8,  is  equal  to  6380. 
We  have  then 

For  the  dry  air 2376  grain  degrees* 

For  the  moisture.... 6380 

(A)  Total 8756 
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APPP^NDIX  26. 

REPORT  ON    WIND    PREISSURES   AND    THE  MEASUREMENT   OF    WIND 

TELOCITIES, 

Washington,  D.  C,  October  14,  1890. 

Sir:  I  have  tho  honor  to  Riibmit  the  accompanyiu^  report  of  reonlts  of  experimeutal 
research  taken  np  pnrsiiaut  to  your  direction. 
Very  respectfuUyi 

C.  F.  Makvin, 
ABsUtant  Professor ,  in  charge  Instrument  Division. 
The  Chief  Signal  Officrr. 

MEASUREMENT  OF  WIND  VELOCITIES. 

Witliih  recent  years  several  different  experimenters  have  independently  worked 
upon  the  problem  of  determining  the  relations  between  the  rate  of  rotation  of  the 
cnps  of  the  Robinson  anemometer  and  the  velocity  of  the  wind. 

The  most  noteworthy  experiments*  have,  withont  exception,  been  made  npou 
wliirling  machines.  In  earlier  experiments  so  many  errors  have  arisen,  due  to  the 
influence  exercised  by  the  whirling  machine  in  stirring  up  and  settinc  the  air  itself 
in  motion,  thst  considerable  uncertainty  exists  in  respect  to  results  thus  obtained. 
To  avoid  or  at  least  lessen  these  errors  it  is  necessary  to  use  whirling  machines  of  very 
large  dimensions.  In  1888  experimeirts  with  such  apparatus  were  begun  at  about  the 
same  time  in  both  England  and  the  United  States.  The  machine  used  by  Messrs. 
Whipple  and  Dines  in  England  was  set  up  in  the  opon  air,  and  is  still  in  use  in  carry- 
ing on  iu  a  very  ingenious  manner  experiments  upon  wind  pressures.  The  length  uf 
the  whirling  arm  in  this  case  was  about  29  feet.  In  the  experiments  made  iu  this 
country  nuder  the  direction  of  the  Chief  Signal  Officer,  and  which  were  carried  out 
under  circumstances  more  favorable  than  any  yet  obtained,  the  arm  of  the  whirling 
machine  was  35  feet  long  for  many  of  the  experiment«  and  for  others  was  shortened 
to  28  feet.  This  very  large  apparatus  was  placed  in  a  completely  closed  court  of  large 
dimensions,  and  at  the  time  of  experimentation  no  air  currents  except  those  produced 
by  the  machine  itself  could  be  detected  by  the  most  delicate  indicators.  In  these 
experiments  the  eilects  of  currents  set  up  by  the  motion  of  the  whirling  machine  itself 
were  very  small,  but  were  accurately  determined  by  a  new  method,  which  it  is 
believed  gives  the  best  results  thus  far  obtained.  A  brief  explanation  may  make  the 
circumstances  more  clear.  As  the  large  whirler  with  the  anemometer  is  ma<le  to 
revolve,  the  air  immediately  surrounding  it  is  pushed  or  dragged  along  with  the  arm  to 
a  certain  extent,  so  that  the  actual  movement  of  the  anemometer  through  the  air  is 
somewhat  less  than  the  apparent  movement.  This  actual  movement  was  measured 
by  placing  a  special  very  small  and  delicate  anemometer  in  front  of  the  anemometer 
being  tested  and  observing  on  the  former  the  actual  velocity  of  rotation  of  the  arm. 
The  constants  of  the  delicate  anemometer  are,  for  this  purpose,  previously  determined 
with  great  accuracy,  a  result  easily  obtained,  as  the  small  size  of  the  anemometer 
not  only  admits  of  its  being  carried  by  a  slender  support  at  a  distance  of  several  feet 
from  the  whirling  arm  and  entirely  beyond  the  influence  of  disturbances  produced  by 
the  arm,  but  the  very  rapid  rate  of  revolution  of  the  cups  enables  accurate  measure- 
ments to  be  made  in  a  very  short  time  and  with  only  one  or  two  revolutions  of  the 
large  whirler.  A  more  complete  discussion  of  the  methods  used  and  results  obtained 
have  been  given  in  the  Signal  Service  monthly  weather  review  for  February,  1889. 

Subsequent  to  the  experiments  upon  the  whirling  machine  an  extended  study  has 
been  made  of  the  comparison  of  different  anemometers  when  similarly  exposed  in  the 
open  air.  Very  early  in  this  study  I  was  led  to  the  belief  that  the  very  sudden  and 
continaoiis  changes  of  considerable  magnitude  in  the  velocity  of  ordinary  winds  led 
to  a  noticeably  different  action  of  the  anemometer  than  would  result  from  the  infln- 

•   ■I  ■'  ■■■■■ ■  ■^■■■■.  »■        ■■■—       ■  —     ■■■  ■■  »  ■■■■■  ■^-■l^■^^■-^.l■—         ■  ■    ■ 

•  Bobinson,  Phil.  Trans.,  clxix,  1878, 777-822 ;  Stokes,  Proc.  Roy.  Soc,  xxxii,  1881, 
170-188;  Dohrandt,  Rep.  fiir  Met.,  band  vi,  No.  5, 
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eiice  of  steady  currents.  So  far  as  I  am  aware  this  important  element  has  not  thus 
far  been  considered  either  in  the  development  of  a  mathematical  theory  for  the  ane- 
mometer or  in  the  final  reduction  of  experiinuntal  results.  Some  mention  and  discus- 
sion of  the  subject  first  appeiired  in  the  American  Meteorological  Journal  of  April, 

As  the  matter  only  came  to  my  attention  after  the  experiments  with  the  whirling; 
apparatus  were  completed,  it  was  impossible  to  make  it  a  subiect  of  direct  experH 
luent,  but  it  is  hoped  to  be  able  shortly  to  again  take  up  the  whirling-machine  work, 
in  anticipation  of  which  a  new  line  of  experiment  bearing  directly  upon  this  subject 
has  been  devised.  The  condition  which  it  is  necessary  to  secure  is  to  propel  the 
anemometer  through  still  air  with  a  highly  and  constantly  varying  velocity,  ft»r 
which  purpose  the  whirling  arm  will  be  arranged  with  an  independently  revolviii" 
plate,  or  reciprocating  lever,  at  the  outer  end,  the  resultant  motion  of  which  com'^ 
bination  will  have  the  desired  irregular  character.  The  anemometer  comparisoiiH 
comprised  a  comparison  in  the  open  air  of  several  Robinson  anemometers  of  different 
dimensions,  the  constants  of  each  beiug  known  from  the  whirling-machine  experi- 
ments.  Previous  studies  had  shown  that  the  velocities  indicated  by  the  dili'erent 
instruments,  when  exposed  to  the  same  wind,  were  not  the  same,  and  the  object  of 
the  investigation  was  to  ascertain  the  true  velocity  and  determine  the  proper  formula 
for  the  Signal  Service  anemometers. 

The  results  have  been  discussed  at  some  length  in  the  monthly  weather  review 
for  January,  1890.  With  accurate  whirling-machine  experiments  as  the  basis  of  com- 
parison, the  conclusion  reached  is  to  the  effect  that,  of  anemometers  exposed  to  the 
name  wind,  those  whose  cups  and  arms  are  of  slender  proportions  indicate  a  higher  velocity 
than  ih4it  shown  by  anemojneters  whose  cups  and  arms  are  of  compact  proportions.  The 
terms  slender  and  compact,  in  this  connection,  refer  to  the  relation  existing  between 
the  diameter  of  the  cups  and  the  length  of  the  arms.  Anemometers  whose  arms  from 
the  axis  to  the  centres  of  the  cups  are  nearly  two  or  more  times  the  diameter  of  the 
cups  are  considered  as  being  of  slender  proportions,  while  those  whose  arms  have  a 
length  only  a  little  greater  or  even  less  than  the  diameter  of  the  cups  are  said  to  be 
of  compact  proportions.  It  is  believed  this  result  is  bronght  about  by  the  gusty  and 
violently  fluctuating  character  of  open-air  winds. 

Id  the  absence  of  whirling-machine  experiments  with  highly  variable  velocities  as 
referred  to  above,  the  open  air  comparisons  were  reduced  upon  the  basis  that  such 
sudden  variations  in  wind  velocities  produce  a  less  iniluenoe  npon  anemometers  of 
compact  proportion  than  upon  those  of  slender  proportions. 

The  formulsD  derived  for  the  Signal  Service  anemometer  having  cups  4  inches  in 
diameter  on  arms  6.72  inches  long  are : 

(a)  V  =  .225  -I-  3.143r  —  .0362r2  (whirling  machine). 
(6)  V  =  .265  4-  2.953t;  —  .0407t;«,  (o)  reduced  to  open  air. 

V  is  velocity  of  wind  in  miles  per  hour;  v  is  velocity  centers  of  cups  in  miles  per 
hour. 

Equation  (&)  may  be  considered  as  the  equation  of  the  Signal  Service  anemometer 
when  exposed  to  the  variable  winds  of  the  open  air,  while  equation  (c)  is  for  the 
game  anemometer  exposed  to  perfectly  steady  winds.  Quadratic  equations  of  this 
form  have  been  used  by  several  investigators  for  expressing  the  anemometer  law^ 
They  are  quite  irrational  however,  and  wholly  inadequate. 

Q  Qe,'i 

In  equation  (&)  V  becomes  a  maximum  for  r  ==^jr^,  the  interpretation  of  which 

leads  to  the  irrational  conclusion  that  after  a  certain  high  velocity  the  cups  run  less 
and  less  rapidly  as  the  wind  increases. 

It  should  be  noted,  of  course,  that  the  constants  in  these  equations  have  been  com- 
puted from  results  at  low  velocities ;  that  is,  under  35  miles  per  hour. 

Recognizing  this  defect  of  the  quadratic  equation,  it  was  desired  to  secure  a  formula 
giving  a  more  satisfactory  extension  beyond  the  limits  of  the  experiments,  and  an 
equation  of  the  following  form  was  computed : 

(o)  log.  V  =  .509  4-  .9012  log.  v. 

This  equation  is  recommended  for  nse  in  reducing  all  wind  velocities  observed  by 
the  Signal  Service  anemometer,  and  certain  checks  that  have  been  recently  obtained 
from  wind-pressure  experiments,  as  given  below,  have  shown  the  equation  to  be  highly 
satisfactory. 

Inasmuch  as  the  Robinson  anemometer  is  always  constructed  so  that  the  gradu- 
ations  of  the  dials  are  in  miles  and  fractions  of  miles,  computed  on  the  basis  that  the 
cup  centers  move  with  a  velocity  one-third  that  of  the  wind,  the  most  convenient 
method  of  applying  the  above  formula  is  by  nse  of  a  table  containing  the  observed 
velocity  by  the  Robinson  formula  and  the  more  accurate  velocity  from  the  logaritU* 
mio  formula. 
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Tlio  following  18  such  a  tal>lp: 
Table  1. — Corrected  Wind  Vklocitiks  as  ixdicatkd  by  Kobinson  Akemombtbr. 

[Miles  per  boar.] 


Indicated  velocity. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

5.1 
13.8 
21.8 
29.6 
37.1 

44.4 
51.6 
58.7 
65.8 

6.0 
14.6 
22.6 
30.3 
37.8 

45.1 
52.3 
59.4 
66.4 

6.9 
15.4 
23.4 
31.1 
38.5 

45.9 
53.0 
60.1 
67.1 

7.8 
16.2 
24.2 
31.8 
39.3 

46.6 
53.8 
60.8 
67.8 

8.7 

1 

2 

0.6 
17.  H 
25.7 
33.3 

40.8 
48.0 
55. 2 
62.2 
69.2 

10.4 
18.6 
26.5 
34.1 

41. 5 

48.7 
55.9 

11.3 
19.4 
27.3 
34.8 

42.2 

49.4 
56.6 
63.6 

12.1 
20.2 
28.0 
:i5.6 

43.0 
50.2 
57.3 
64.3 

12.9 
21.0 

28.8 
36.3 

4:^.7 
50.9 
58.0 
65.0 

17.0 
24.9 

3 

4    

32.6 
40.0 

5 

47.3 

6* 

54.5 

/  ................. 

H 

9          

61.5 
68.5 

••••■• 

All  observers  in  the  United  States  nsing  anemometers  similar  in  construction  to 
those  of  the  Signal  Service  will  find  the  values  in  the  above  table  much  more  accu- 
rate than  those  commonly  used. 

Several  day's  continuous  comparisons  of  anemometers  of  different  sizes  were  also 
obtained  at  the  summit  of  Mount  Washington  under  reduced  atmospheric  pressure 
and  at  unusual  velocities;  the  exposure  being  upon  the  top  of  the  wind-pressure 
apparatus  to  be  described  below. 

Three  anemometers,  each  having  4-inch  cups,  but  with  arms  4, 6.7,  and  7  inches  long, 
respectively,  were  compared;  very  high  velocities  being  obtained  on  one  occasion,  so 
much  so,  in  fact,  as  to  carry  away  the  anemometers,  all  three  being  torn  from  the  sup- 
port at  apparently  the  same  instant,  the  mean  indicated  velocity  just  previous  being 
about  80  miles  per  hour. 

The  results  of  these  comparisons  have  agreed  almost  perfectly  with  the  more  ex- 
tended and  complete  comparisons  referred  to  above,  though  the  former  were  over  a 
much  less  range  of  velocity.  So  far  as  these  comparisons  go  I  find  no  evidence  that 
the  Robinson  anemometer  is  noticeably  influenced  by  considerable  changes  in  the  at- 
niospheric  pressure.  There  is  little  reason,  however,  to  expect  that  such  e£reot8,did 
any  exist,  would  be  apparent  in  comparisons  of  this  kind. 


WIND  PRESSURES. 

Even  at  the  present  time  of  advanced  experimental  study  of  natural  phenomena, 
our  knowledge  of  tho  relation  of  wind  pressure  and  velocity  is  very  limited  and  in- 
complete. The  most  serious  and  perplexing  disturbances  appear  to  accompany  inves- 
tigations in  this  direction,  and  accurate  results  have,  perhaps,  never  been  obtained. 
The  last  accounts  of  the  experiments  of  Messrs.  Whipple  and  Dines  have  Just  appeared 
in  the  September  number  of  the  Proceedings  of  the  Royal  Society.  Notwithstanding 
the  care  exercised  in  conducting  the  experiments,  the  results  in  some  respects  are  ir- 
regular and  inexplicable.  The  method  used  is  only  practicable  on  the  basis  that  the 
pressures  vary  as  the  square  of  the  velocity,  and  the  success  of  the  experiments,  so 
far  as  the  method  is  concerned,  leaves  no  doubt  on  this  question.  The  experiments 
made  by  Mr.  Crosby,  and  given  in  the  Engineering  News  for  the  latter  part  of  June, 
indicated  a  linear  law  which  must  undoubtedly  prove  to  be  quite  incorrect. 

A  number  of  direct  determinations  of  the  wind  pressure  upon  large  plates  were  made 
at  the  summit  of  Mount  Washington  during  the  summer. 

Before  discussing  the  special  experiments  and  results  obtained  I  wish  to  remark 
briefly  upon  the  problem  in  general,  and  present  a  few  ideas  that  may  be  of  value  in 
case  the  subject  is  ^iven  further  study  in  the  future. 

In  such  an  investigation  as  this  it  is  necessilry  to  measure  but  two  elements,  namely, 
the  wind  pressure  and  the  wind  velocity.  The  accurate  measure  of  the  wind  veloc- 
ity had  already  been  made  the  subject  of  considerable  study,  as  discussed  above.  I 
mention  this  matter  here  from  the  fact  that  the  conclusions  expressed  there  have,  in 
my  opinion,  received  an  important  confirmation  in  the  results  of  the  wind  preosure 
experiments. 

In  the  problem  in  hand,  therefore,  I  have  used  for  the  measurement  of  the  wind  ve- 
locity the  regular  Robinson  anemometer,  applying  to  its  indications  the  system  of 
corrections  determined  by  the  studies  already  referred  to. 
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A  great  number  of  schemes  for  observing  and  measuring  the  wind  preasare  pre- 
sented themselves  to  me,  bat  the  very  limited  time  available  not  only  for  the  prepara- 
tion of  the  apparatus,  which  all  required  to  be  made  anew,  but  also  for  the  perform- 
ance of  the  experimental  proved  a  very  great  restriction  upon  what  could  be  under- 
taken. After  several  fruitless  efibrts  to  make  satisfactory  arrangements  with  the 
more  reliable  instrument  makers  for  the  construction  of  the  special  apparatus  needed, 
I  was  obliged  to  undertake  its  preparation  in  the  machine  shop  connected  with  the 
instrument  division  of  this  office,  though  the  latter  is  provided  with  only  the  most  or- 
dinary of  facilities.  It  was,  therefore,  necessary  to  restrict  the  instruments  to  their 
most  simple  form,  and  some  kinds  of  experiments  that  I  at  first  wished  to  make  could 
not  be  undertaken. 

It  is  important  further  to  consider  the  nature  of  the  conditions  under  which  it  was 
necessary  to  make  the  experiments.  The  extreme  and  continual  variations  in  the 
velocity  of  the  wind  movement  in  the  open  air  has  been  repeatedly  referred  to  in  the 
anemometer  experiments  and  forms  an  important  element  not  previously  considered 
in  the  theory  of  the  measurement  of  wind  velocity.  So,  also,  in  wind-prossnre  ex- 
periments, these  violent  fluctuations  not  only,  in  my  opinion,  have  a  direct  influence 
on  the  pressure  exerted,  but  ofler  a  serious  difficulty  in  the  way  of  the  instrumental 
measurement  of  the  actual  pressure.  Again,  the  direction  of  the  wind  is  nearly,  or 
quite,  as  variable  as  the  velocity,  an  additional  obstacle  in  the  way  of  instrumenta- 
tion. Moreover,  as  might  readily  be  supposed,  the  wind  movement  at  such  a  place 
as  Mount  Washington  was  not  along  a  horizontal  line  but  possessed  a  noticoable  in- 
clination upward.  These  various  elements  were  considered  and  provided  for  as  fUlIy 
as  possible  in  the  preparation  of  the  instruments. 

Finally,  it  unfortuuattily  occurs  that  the  mountain  on  those  occasions  otherwise 
favorable  for  experiments  is  often  enveloped  in  dense  fog  that  drives  with  the  wind 
and  penetrates  to  every  part  of  the  apparatus,  being  very  troublesome  in  connection 
with  the  operation  of  more  or  lenn  delicate  self-recording  mechanisms. 

In  such  a  study  as  this  of  the  variation  of  the  wind  pressure  with  the  extent  of 
surface  and  with  the  velocity  of  the  wind,  it  is  believea  important  information  can 
bo  gained  by  use  of  what  may  be  called  a  shielded  plate.  Here  the  pressure  plate  i^ 
actually  only  a  smallportion  of  a  much  larger  plate  and  moves  within  an  opening 
through  the  latter.  This  arrangement  avoids  the  eflects  that  arise  from  the  flow  of 
the  air  around  the  edges  of  the  plate  and  which  modify  possibly  the  relations  of 
pressure  with  plate  area.  8nch  a  condition  was  found  very  difficult  to  properly 
secure  in  the  style  of  apparatus  used,  and  was  not  attempted. 

Further  information  is  to  be  gained,  not  by  the  direct  measurement  of  the  pressure 
on  a  plate  but  by  studying  its  distribution  over  the  surface  from  all  points  of  the 
edge  to  the  center.  This  would  require  very  delicate  apparatus,  and  the  subject 
wiiN  given  considerable  attention  after  it  occurred  to  me  that  a  modification  of  the 
aneroid  barometer  couid  be  made  to  serve  in  an  admirable  manner  for  such  investi- 
gations.  For  this  purpose  the  outlet  tube  of  the  aneroid  disc  is  opened  and  attacbe<i 
to  flexible  tubing  leading  to  the  surface  of  the  plate.  With  suitably  prepared 
devices  the  excess  or  deficiency  of  the  air  pressure  next  thesurface  of  the  plate  either 
front  or  back  and  at  any  point  could  be  readily  ascertained.  This,  in  connection 
with  direction  of  the  air  currents  at  the  corresponding  points  would  enable  one  to 
make  a  very  complete  chart  of  the  action  of  the  wind  on  the  plate.  The  best  devici* 
for  determining  the  direction  of  the  air  currents  consists  oi  a  small  light  cord  or 
thread  tied  by  one  end  to  a  slender  rod. 

The  earlier  experiments  made  at  Mount  Washington  were  preliminary  in  many 
roNpects  and  indicated  the  arrangement  of  apparatus  best  suited  to  the  various  con- 
ditions. 

The  H]>paratns  was  exposed  upon  the  top  of  a  solidly  built  wooden  tower  about  4U 
feet  higii  and  some  15  feet  sqnare  at  the  top.  This  occupied  the  highest  point  of  the 
mountain  and  afl'orded  an  unobNtructed  exposure  for  all  winds  from  westerly  and 
northerly  directions.  Southerly  winds  were  somewhat  interfered  with  by  the  pres- 
ence of  a  low  building  in  that  direction,  and  the  exposure  for  easterly  winds  wa.H 
very  bad  owing  to  the  proximity  of  the  large  hotel  building.  Only  a  very  few  ex- 
periments were  made  with  southerly  winds;  the  direction  being  westerly  for  all 
ot  her  experiments.  No  defect  attributable  to  imperfect  or  unequal  exposure  has  been 
discovered  in  the  results.  Tlie  diagonals  of  the  tower  were  north  and  south  and  east 
and  west,  respectively.  The  apparatus  occupied  the  westerly  corner  and  was  so 
constructed  that  the  plate  was  heUl  in  front  of  the  sides  of  the  tower  by  a  distance 
of  nearly  4  feet.  The  center  of  the  plate  was,  moreover,  a  distance  of  nearly  6  feet 
above  the  floor  of  the  tower. 

The  apparatus  itself  may  be  briefly  described  as  consisting  of  a  rigid  vertical  sup- 
port of  wrought-irou  pipe  secured  to  the  floor  and  held  firmly  in  tne  comer  of  the. 
railing  about  the  tower.  The  anemometer  was  attached  to  a  horizontal  arm  extend- 
ing from  the  top  of  the  snp]iort.  The  arm  was  adjusted  to  the  direction  of  the  wind 
and  carried  the  anemometer  in  about  the  same  vertical  plane  as  the  pressure  plate, 
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so  that  the  wind  arriyed  at  the  two  at  practioall  j  the  same  iDstant.    The  anemometer 
oops  were  about  4  feet  higher  than  the  center  of  the  pressure  plate. 

The  horizontal  arm  carrying  the  pressure  plate  oonsisted  of  a  wrought-iron  pipe 
Hecnred  to  the  main  support  in  such  a  manner  that  it  could  be  reyolved  on  a  vertical 
axis  and  brought  into  tne  direction  of  the  wind.  The  pressure  plate  was  not  at- 
tached directly  to  this  arm  but  to  a  larser  tube  of  brass,  which  telescoped  over  the 
iron  pipe.  A  nicely  arranged  system  of  highly  polished  steel  balls  was  provided  that 
permitted  the  brass  tube  and  pressure  plate  to  move  horizontally  over  the  iron  tube 
with  the  greatest  freedom.  Steel  springs  of  varying  strengths  arranged  to  be 
stretched  by  the  wind  pressure  were  used  to  oppose  the  motion  of  the  plate.  At  the 
rear,  some  5  feet  behind  the  pressure  plate  and  attached  to  the  main  support,  was 
the  recording  mechanisms  arranged  on  the  ordinary  chronograph  principles.  A  slid- 
ing pencil  was  connected  directly  to  an  extension  ftom  the  pressure  plate  tube  and 
recorded  the  amount  of  distension  of  the  spring,  the  zero  position  being  constantly 
indicated  by  a  line  traced  by  a  stationary  pencil.  A  third  pencil  operated  by  an 
electro-magnet  was  in  electrical  connection  with  the  anemometer,  which  as  before 
stated,  was  of  the  regular  Signal  Service  pattern  and  one  that  had  been  carefally 
studied  in  connection  with  anemometer  experiments.  The  electrical  contacts  of  this 
anemometer  were  made  for  each  50  revolutions  of  the  cups,  a  quantity  that  corre- 
sponds to  one-tenth  mile  of  wind  movement,  as  computed  by  the  Robinson  formula. 
The  chronograph  cylinder  revolved  once  in  about  a  half  hour,  and  was  of  such 
diameter  as  to  give  a  movement  of  about  0.6  inch  per  minute. 

In  arranging  this  apparatus  it  was  found  almost  impossible  to  automatically  keep 
the  large  pressure  plate  with  its  accessories  directed  to  the  wind,  so  that  it  was  neces- 
sary to  secure  this  condition  by  hand  and  eye  observation ;  the  direction  being  indi- 
cated b^  a  light  cotton  thread  exposed  above  the  pressure  plate.  I  am  assured  that 
no  sensible  error  arises  from  this  disposition  of  the  apparatus,  as  the  direction  of  the 
wind,  broadly  considered,  was  very  constant,  being  subject  only  to  small  and  sudden 
fluctuations  about  a  mean  direction. 

The  records  of  the  pressure*  and  velocity  of  the  wind  were,  therefore,  automatically 
and  simultaneously  recorded  on  the  same  sheet  of  paper.  The  curve  of  pressures,  if 
it  can  be  called  a  curve,  presents,  in  spite  of  the  comparatively  rapid  rate  of  rotation 
of  the  register,  a  very  irregular  appearance  indeed.  The  osciUations  do  not,  except 
for  occasional  instants,  correspond  to  harmonic  vibrations  of  the  spring  and  pressure 
plate  as  a  vibratory  system,  but  are  actual  and  real  changes  in  wind  pressure.  The 
magnitude  of  these  variations  is,  itself,  verv  irregular,  but  ic  may  be  stated  to  be 
approximately  as  much  as  35  per  cent,  of  the  mean  pressure.  There  is^  in  addition 
to  these  very  rapid  variations  in  the  pressure  which  take  place  inside  of  a  seeond  or 
two  of  time,  other  variations  which  go  through  their  irregular  changes  in  from  a  few 
to  several  minutes  time. 

These  circumstances  led  me  to  the  foUowiug  method  of  reducing  the  observations. 
The  traces  on  the  record  sheets  were  divided  into  portions  representing,  generally, 
4  or  5  minutes  of  time,  and  during  which  the  conditions  were,  to  some  extent, 
constant.  The  traces  of  the  pressure  were  all  gone  over  by  hand  and  a  red-ink  line 
drawn  through  the  pencil  mark  in  such  a  manner  as  to  get  a  mean  curve.  In  this, 
only  those  variations  which  were  of  such  short  period  that  the  pencil  marks  were  too 
close  together  to  distinguish  were  evened  up.  All  changes  of  larger  periods  were  fol- 
lowed accurately.  The  next  step  consisted  in  carefully  measuring  the  area  of  each 
subdivision,  including,  of  course,  everything  between  the  red-ink  trace  and  the  line 
of  zero  pressure.  This  measurement  was  very  satisfactorily  made  by  a  small  plani- 
meter.  The  mean  pressure  is  now  quite  accurately  found  by  dividing  the  area  by 
the  length  of  the  base  of  the  diagram.  The  mean  wind  velocity  corresponding  to  the 
same  portion  of  the  sheet  is  determined  from  the  simultaneous  reconl  of  the  ane- 
mometer. The  large  number  of  observations  obtained  in  this  way  have  been 
grouped  in  sets  corresponding  to  the  vel<»city  and  a  final  mean  determined. 
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The  following  tables  contain  these  resnlts  for  all  the  expertoients  made: 

Summary  of  Wind  Pressures. 

[Area  of  plate,  9  square  feeL] 


Velocity  in  miles  per  hour. 


a 

Robin- 

sou. 


7.14 
9.26 
10.9 
12.9 
14.6 
17.0 
18.9 
20. 3 
24.1 
26.2 
28.8 
31.6 

:«.i 
:i7.4 
:58.9 

40.5 
5.5.6 
57. 5 
58.6 
(K).7 

Means. 


h 
Quad- 
ratic. 


7.06 
9.00 
10.5 
12.2 
13.7 
15. 7 
17.2 
18.4 
21.4 
2:j.0 
24.9 
26.8 
27.9 
30.7 
31.7 
32.7 
41.1 
41.8 
42.5 
43.4 


c        I 
Loga- 
ritbuiic. 


Total 

pressure, 


I  poundH. 


7.07 
8.97 
10.3 
12.0 
13.4 
15.4 
17.0 
18.1 
21.3 
22.8 
24.8 
27.0 
28.1 
31.5 
32.5 

3:j.7 

44.8 
46. 2 
46. 9 
48. 5 


1.23 
2.22 
2.87 
3.81 
4.67 
6. 25 
7.32 
8.48 
11.5 
13. 6 
16.8 
18.9 
20.6 
25. 9 
26.7 
27.8 
53. 0 
5.1.  6 
,57. 0 
60.6 


.0241 
.0259 
.0242 
.0230 
.(h2l9 
.  0216 
.0205 
.  0207 
.  0198 
.0198 
.  0203 
.0189 
.0187 
.0185 
.0177 
.0170 
.0172 
.OUW 
.0166 
.0165 


.0247 
.0275 
.0261 
.0256 
.0248 
.  02r»4 
.0247 
.0250 
.  0251 
.  0257 
.0271 
.  (hit>3 
.  02()5 
.  Ovi75 
.  0267 
.0260 
.  0314 
.0318 
.0315 
.  0.J22 

ft' 
.02567 


0246 
0276 
0271 
0265 
0260 
0264 
0253 
0258 
0253 
0262 
0273 
0^58 
0261 
0261 
0252 
0244 
0265 
026  L 
0258 
0258 

02600 


.Constants, 

per 

square 

foot. 


Mean 

bamm- 

cter. 


b' 

OP  ^5 


23.9 


(Area  of  plat**,  4  square  feet. J 


6.96 
8.36 

10.7 

13.8 

14.8 

17.3 

18.1 

21.0 

23.2 

26.3 

26.7 

29.0 

31.1 

32.1 

34.4 

43.1 

44.5 

46.1 

48.5 

51.2 

52.5 

54.5 

56.3 

58.5 

Means. 

6.88 
8.16 
10.3 
13.1 
13. 8 
16.0 
16.6 
18.9 
20.7 
22.3 
23.3 
25.0 
26. 5 
27.2 
28.9 
34.3 
3%.  1 
36.0 
37.4 
39.8 
40.5 
41.0 
41.3 
42.9 

6.90 
8.13 
10.2 
12.8 
13.  6 
15.  7 
16.3 
18.6 
20.5 
22. 1 
23.1 
24. 9 
2(5. 6 
27.3 
29.2 
:J5.  7 
36.7 
37.9 
39.7 
41.6 
42.6 
44.0 
45. 4 
46.9 

.73 
1.08 
1.29 
2.00 
2. 26 
3.05 
3.33 
3.69 
5. 26 
5.90 
6.71 
7.60 
8.96 
8.93 
9.26 

13. 4 

15. 5 

15. 6 
20.3 
19.8 
22.0 
22.5 
23.3 
21.7 

.0150 
.0155 
.0113 
.0105 
.0103 
.0102 
.  0102 
.0(W4 
.  0098 
.  0092 
.0094 
.0090 
.0093 
.  0086 
.0078 
.0072 
.  0078 
.  0073 
.  0086 
.0076 
.0080 
.0076 
.0073 
.0064 

.ore 

.0162 
.0123 
.0116 
.0119 
.0119 
.  0120 
.0104 
.0123 
.0119 
.  0124 
.  0122 
.0128 
.  0121 
.0111 
.0114 
.0126 
.  0120 
.  0150 
.0125 
.0134 
.0134 
.0136 
.0118 

b' 
.  01175 

.  015:1  r 

.0164? 

.0125 

.0122 

.  0122 

.0124 

.  0125 

.  0107 

.0125 

.  0121 

.  0126 

.  0123 

.0127 

.0120 

.0109 

.0106 

.  0105 

.0108 

.0129 

.0114 

.  0122 

.0116 

.0113 

. 0099? 

I 

1 

, 

1      t 

........ 

ft' 
.00294 

23.9 
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The  Telocity  of  the  wind  has  been  computed  by  three  different  formnlfle,  namely : 
The  well-known  Robinson  formnla, 

V==3© 
which  ralaes  appear  in  the  first  column.    The  second  and  third  columns  contain 
velocities  computed  respectiyeiy  by  the  two  following  formuliB : 

V  =  .263  +  2.95f>  —  .0407»» 
log  y  =  .509  +  .9012  log  V 

The  last  three  columns  of  constants  are  computed  on  the  assumption  that  the  pres- 
sure of  the  wind  varies  as  the  square  of  the  velocity,  and  correspond,  respectively, 
to  the  velocities  in  the  first  three  columns.  It  is  observed  that  this  factor  is  not 
constant  if  velocities  are  taken  by  the  Robinson  formnla,  but  that  for  the  quadratic 
equation,  except  for  irregular  variations,  due,  it  is  believed,  to  «rrors  of  observation, 
the  value  is  practically  constant  up  to  velocities  between  25  and  30  miles,  and  that 
above  this  the  values  steadily  increase.  If  the  last  column  be  considered,  it  appears 
that  the  values  throughout  are  practically  constant  and  the  same  as  those  of  the 
upper  portion  of  the  preceding  column.  In  a  previous  rej^ort  upon  anemometer 
studies,  I  have  already  expressed  my  conviction  that  velocities  can  not  be  accu- 
rately computed  by  the  quadratic  equation  for  conditions  higher  than  80  miles  per 
hour,  or  thereabouts,  and  that  the  logarithmic  formula  was  undoubtedly  more 
accurate.  These  conclusions  are  strikingly  confirmed  in  the  wind  pressure  experi- 
ments here  given,  and  I  am,  therefore,  convinced  that  so  far  as  can  be  determined 
from  experimento  of  this  ^nd,  the  pressure  of  the  wind  varies  as  the  square  of  the 
velocity. 

If  we  compare  the  corresponding  results  obtained  with  the  plate  of  9  square  feet 
and  those  with  the  plate  of  4  square  feet,  we  find  further  that  the  pressure  varies 
strictly  in  proportion  to  the  area  of  the  plate.  A  critical  examination  of  the  con- 
stants in  the  case  of  the  plate  of  4  square  feet  shows  greater  irregularity  than  those 
for  the  plate  of  9  square  feet.  It  should  be  noticed  in  this  connection  that  a  much 
greater  numl>er  of  observations  were  made  with  the  larger  than  with  the  smaller 
plate ;  moreover,  the  first  two  and  the  last  observation  with  the  plate  of  4  square 
feet  have  been  queried,  as  they  do  not  agree  well  with  the  other  results.  Some  ex- 
planation of  this  is  found  in  the  fact  that  they  are  results  of  single  observations  only, 
while  nearly  all  the  other  values  are  the  mean  of  several  observations. 

It  remains  now  to  say  that  the  mean  barometric  pressure  during  my  experiments 
was  ^.9,  and  that  the  final  value  of  the  constant,  viz,  .0029,  needs  to  be  slightly 
altered  in  order  to  reduce  to  the  condition  of  normal  action  of  the  wind.  The 
actual  direction  of  the  wind,  as  before  mentioned,  was  inclined  upwards ;  and  this, 
I  found,  was  also  practically  a  constant  quantity,  particularly  so  as  nearly  all  my 
experiment-s  were  made  with  the  wind  in  one  direction.  The  amount  of  this  inclina- 
tion, as  nearly  as  it  could  be  determined,  may  be  taken  at  about  15P,  We  do  not, 
perhaps,  know  very  well  the  law  of  variation  of  pressure  with  angle  of  inclination,  but  I 
am  disposed  to  increase  the  above  factor  in  proportion  to  the  cos^  of  the  angle  of  in- 
clination, which  gives  .0032.  I  will  assume,  further,  that  the  wind  pressure  is  pro- 
portioned to  the  density  of  the  air;  therefore,  the  factor  reduced  to  30  inches  barom- 
etric pressure  becomes  .0040,  and  the  formula  for  computing  wind  pressure  under 
barometric  pressure  of  30  inches  may  be  expressed  as  follows : 

P=:.0040V«S 
where  Y  is  wind  velocity  in  miles  per  hour,  P  is  the  pressure  in  pounds  per  square 
foot,  and  S  is  the  area  of  the  plate. 

This  formula  being  determined  by  direct  comparison  of  the  anemometer  and  pres- 
sure plate,  can  always  be  used  whenever  the  velocity  is  measured  by  the  Robinson 
anemometer.  The  coefficient  .0040  differs  from  a  generally  accepted  value,  viz :  .005, 
and  from  the  value  .0029,  found  by  Messrs.  Whipple  and  Dines  by  about  the  same 
amount,  being  between  the  two. 

For  engineering  purposes  thi8  formula  gives  very  closely,  I  think,  the  actual  pres- 
sures corresponding  to  velocities  computed  by  the  logarithmic  formnla,  as  applied 
to  the  Robinson  anemometer,  and  this  is  the  instrument  almost  universally  used  in 
measuring  wind  movements.  Where  the  Robinson  anemometer,  having  its  dials 
graduated  to  read  miles,  is  used,  the  observed  velocity  can  easily  be  reduced  to  the 
true  velocity  by  reference  to  Table  I. 

In  estimating  the  strains  to  which  engineering  structures  may  be  subjected  by 
winds,  the  maximum  pressures  are,  of  course,  the  most  important.  The  above  form- 
nla gives  a  mean  pressure  corresponding  to  a  mean  wind  velocity.  It  is  important 
to  note  that  momentary  pressures  as  much  as  35  per  cent,  in  excess  of  the  above  mean 
pressure  may  continually  occur  and  recur.  If  their  rate  of  occurrence  be  at  all  syn- 
chronous with  a  natural  time  of  vibration  of  the  structure  or  any  part  thereof,  re- 
markable effects  may  follow. 

While  the  values  given  in  Table  I  are  worked  out  from  experiments  at  only  low 
velocities,  yet  the  check  afforded  by  the  wind  pressure  experimento  at  velocities  as 
high  as  60  miles  per  hour  is  most  satisfactory,  and  the  extension  of  the  table  above 
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this  point  nndonbtedly  giTes  resalts  far  more  accurate  than  the  ordinary  indicated 
velocities. 

Little  need  be  said  here  of  the  vast  importance  of  accurate  information  in  respect 
to  the  measurement  of  hiffh  wind  velocities  and  the  closely  allied  problem  of  the 
laws  relating  to  wind  velocity  and  pressure.  The  matter  is  of  the  ereatest  interest  to 
engineers,  and  recent  experiments  have  yielded  remarkable  results  compared  with 
older  investigations.  The  problems  present  so  many  serious  difficulties  that  many 
experimental  results  not  having  been  made  by  proper  methods,  or  with  sufficient 
care^  have  given  highly  discordant  results. 

It  is  trusted  this  office  may  yet  carry  on  valuable  experimental  investigation  in 
this  direction.  The  work  already  done  forms  an  excellent  foundation  from  which  to 
start,  and  the  experience  gained  is  of  the  greatest  possible  advantage.  Several 
methods  are  recommended  by  various  authorities,  and  it  is  highly  desirable  that 
results  be  obtained  by  all,  if  possible.  The  problem  is  too  complicated  and  extoDsive 
to  be  solved  by  even  a  considerable  number  of  experiments.  Results  that  will  be 
acceptable  and  satisfactory  to  scientists  in  general  must  be  sustained  by  every  possi* 
ble  experimental  proof.  Investigators  are,  in  general  too  eager  for  results  and  pass 
over  sources  of  error  too  carelessly.  The  whole  subject  ne^s  thorough  investiga- 
tion, which  will  not  only  require  considerable  time  but  special  and  more  or  less 
elaborate  facilities. 

Experiments  upon  trains  of  cars  are  too  much  trammeled  by  outside  circumstances 
to  serve  more  than  as  a  highly  desirable  "check"  on  other  studies.  A  large  whirl- 
ing machine,  permanently  set  up,  capable  of  beiug  run  at  high  velocities  and  wholly 
at  the  disposal  of  the  operator,  affords,  in  my  opinion,  the  most  practical  method  for 
a  full  investigation  of  this  question.  Under  such  circumstances  the  work  without 
being  restricted  and  limited  to  a  prescribed  time  and  a  special  occasion  could  be 
taken  up  and  prosecuted  as  the  emergencies  of  the  experiments  themselves  demanded, 
until  unquestionable  results  were  obtained. 

Such  results  would  be  of  the  greatest  value  and  have  great  weight  as  compared 
with  values  derived  from  what,  m  some  respects  may  be  termed  spasmodic  investi- 
gations and  which,  though  often  very  good  in  themselves,  are  little  more  than  a 
peculiar  result  for  a  special  conditioo. 

Certain  phases  of  the  anemometer  problem  render  it  highly  advisable  that  experi- 
ments upon  the  whirler  be  made  not  only  in  still  air  but  also  with  the  air  in  motion. 
This  could  be  realized  by  first  experimenting  in  the  free  air,  and  afterwards  closing 
op  the  space  occupied  by  the  whirler. 
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APPENDIX  26. 

THE  DESTBUCTIVENB8S  OF  T0BNAD0E8. 

By  direction  of  the  Chief  Signal  Officer  a  special  study  of  this  qaestion  has  been 
uudertaken  with  a  view  of  snmroarizing  all  the  facts  in  possession  of  this  office,  and 
of  obtaining,  if  possible,  an  accurate  estimate  of  the  loss  of  life  and  property  by 
these  violent  ontbnrsts.    The  materials  for  such  study  may  be  briefly  enumerated. 

(1)  The  Monthly  Weather  Review.  This  has  been  published  since  Joly,  ^873,  and. 
while  in  the  earlier  years  there  was  only  the  briefest  mention  of  violent  storms,  yet 
in  later  years  the  reports  have  been  quite  full.  It  is  believed  that  no  serious  tornado 
has  been  omitted  in  the  Review.  The  estimates  of  loss  of  life  and  property  are  not 
quite  as  full  as  could  be  desired. 

(2)  A  manuscript  prepared  under  the  direction  of  Lieutenant  Finley,  containing 
data  relating  to  more  than  2,000  violent  storms.  In  this  manuscript  the  loss  of  life 
seems  to  be  fairly  well  determined,  though  the  estimates  of  loss  of  property  have  been 
found  not  entirely  satisfactory. 

(3)  Special  reports  of  a  few  of  the  more  destructive  tornadoes  prepared  by  observ- 
ers of  the  SignaJ  Service. 

(4)  Reports  in  several  of  the  State  weather  service  bulletins.  In  many  instances 
ibis  is  the  only  reliable  authority  for  data  regarding  tornadoes.  Dr.  Hinrich's  re- 
ports from  Iowa  are  specially  satisfactory  in  this  regard. 

(5)  Newspaper  reports. 

(G)  Since  the  beginning  of  May,  1890,  speoial  requests  have  been,  sent  out  by  this 
office  asking  for  names  of  persons  killed  and  the  total  loss  of  buildings  in  each 
tornado.  Before  proceeding  with  this  discussion  it  may  be  of  some  value  to  give  an 
illustration  of  the  necessity  and  advantage  of  this  latest  procedure.  A  metropolitan 
insurance  journal  published  a  statement  that  the  loss  of  life  by  tornadoes  in  this 
country,  for  June,  July,  and  August,  1890,  as  culled  from  the  newspapers,  was  328. 
By  direction  of  the  Chief  Signal  Officer  a  careful  list  was  made  of  the  names  of  all 
those  reported  by  a  prominent  paper  in  each  of  three  different  cities  as  having  lost 
their  lives  by  tornadoes.  There  were  196  persons  in  this  list.  In  both  of  these  lists 
there  were  included  100  persons  who  were  drowned  in  the  violent  wind  storm  on 
Lake  Pepin,  which  it  has  been  found  was  not.a  veritable  tornado,  for  if  the  people 
had  been  on  shore  no  loss  of  life  would  probably  have  occurred.  Deducting  this 
number  we  have  228  in  the  first  list,  and  96  in  the  second.  During  these  3  months 
careful  inquiry  by  letter  had  been  made  regarding  these  tornadoes  and  mannscript 
reports  had  been  received  from  nearly  every  town  in  which  a  violent  wind  storm  had 
been  experienced.  These  reports  make  the  loss  of  life  64  in  the  storms  given  by  the 
papers.  The  most  serious  disorepancies  were  at  Bradshaw,  Nebr.,  newspaper  loss,  15 ; 
actual  loss,  7.  Sublette,  111. :  reported,  17 ;  actual,  12.  Gervais,  Minn. :  reported, 
11 ;  actual,  6.  In  the  manuscript  reports  received  by  this  office  there  were  names  of 
14  persons  who  lost  their  lives  at  places  making  no  report  in  the  newspapers,  this 
gives  a  total  of  78  during  these  months.  It  is  hoped  that  in  the  futnre  this  office  will 
be  in  possession  of  accurate  statistics  regarding  these  important  facts  in  relation  to 
tornadoes. 

All  of  the  sources  of  information  mentioned  above  have  been  collated  and  a  card 
index  and  catalogue  nearly  completed.  In  this  index  the  authority,  time,  the  width 
and  length  of  path,  and  the  loss  of  life  and  property  are  given,  making  a  convenient 
compendium  for  future  reference.  It  is  proposed  by  special  correspondence  from  time 
to  time  to  revise  this  list  and  make  it  as  complete  as  possible.  The  director  of  the 
Iowa  State  weather  service  has  already  signified  his  willingness  to  assist  in  this 
revision  of  tornadoes  in  his  State.  An  idea  of  the  advantages  to  be  derived  from 
this  compendium  may  be  had  from  the  following  illustration.  An  item  has  gone  the 
rounds  of  the  press  that  one  of  the  severest  tornadoes  in  New  England  occurred  at 
Pittsfield,  Mass.,  in  June,  1879.  No  note  of  this  tornado  could  be  found  in  the  re- 
cords filed  at  this  office,  and  a  letter  sent  to  Pittsfield  elicited  the  information  that 
the  tornado  occurred  on  July  16, 1879,  and  the  loss  was  about  |20,000.  No  mention 
is  made  in  the  press  reports  of  the  tornado  at  Wallin^ord,  Conn.,  on  August  9, 1878, 
the  most  severe  that  ever  visited  New  England,  in  which  34  persons  were  killed  and 
a  property  loss  of  $200,000  occurred. 
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WHAT  IS  A  TORNADO  t 

It  seems  self-eyident  that  the  loss  of  life  and  property  should  be  the  most  important 
characteristic  to  be  noted  in  Btndyin|;  oar  tornadoes.  The  most  terrifying  cload  ap- 
pearances or  sonnds  can  have  no  special  interest  if  theolond  does  not  reach  the  eartb. 
No  adequate  idea  can  possibly  be  gained  of  the  power  of  a  tornado  if  it  does  not  caose 
destruction  of  some  kind. 

The  establishment  of  a  scale  of  destrnctireness  is  essential  at  the  very  ontset  of  our 
investigation,  as  all  sabsequent  work  mnst  depend  on  this  scale  or  classification.  In 
Home  lists  tornadoes  have  been  given  as  having  a  certain  width  and  length,  and  thiis 
is  tbe  only  idea  we  can  gain  as  to  destruction.  But  this  is  entirely  inadequate  for 
our  purpose.  Another  difficulty  experienced  in  making  up  a  tornado  catalogue  has 
been  the  extreme  iudefiniteneas  of  the  description;  for  example,  one  tornado  is  given 
as  occurring  on  September  9,  18^,  and  traversing  nine  counties  in  Minnesota  and 
Wisconsin,  causing  a  loss,  in  a  strip  half  a  mile  wide,  to  the  extent  of  $4,000,000.  A 
careful  study  of  the  loss  in  this  tornado  has  shown  only  two  towns  severely  injured; 
the  one,  Clear  Lake,  Wis.,  with  a  loss  of  $150,000,  and  the  other.  Marine  Mills,  Minn., 
with  a  loss  estimated  at  about  $50,000. 

It  would  seem  that  every  severe  tornado  ought  to  have  a  definite  name  and  descrip- 
tion. The  resort  to  the  name  of  a  county  for  a  tornado  should  only  be  made  when 
every  effort  to  obtain  the  name  of  a  town  has  failed,  or  when  it  is  impossible  to  desig- 
nate any  one  town  out  of  a  large  number  injured  in  a  county.  One  of  the  more  ser- 
ious difficulties  met  with  in  establishing  a  scale  has  been  the  combining  together  of 
the  loss  of  structures  with  that  to  crops,  orchards,  standing  timber,  et«.,  by  hail, 
heavy  rain,  floods,  etc.  For  our  purpose  and  in  all  comparisons  for  insurance  inter- 
ests it  is  essential  to  separate  out  very  carefally  all  the  loss  to  structures. 

SCAI^K. 

A  provisional  scale  of  three  classes  was  adopted  for  a  beginning.  It  is  intended 
that  in  this  scale  violence  rather  than  property  loss  shall  be  the  ultimate  crit-erion, 
but  in  most  cases  the  two  are  practically  the  same,  and  it  would  be  found  well  nigh 
impossible  to  separate  them  at  this  sta^e  of  our  information.  We  may  put  all  the 
most  severe  tornadoes  in  our  list  as  having  the  scale  of  3.  As  a  matter  of  fact  it  has 
been  found  desirable  to  place  all  tornadoes  having  a  loss  of  about  $50,000  in  this  list, 
though  one,  owing  to  great  violeoce,  will  be  found  in  which  the  loss  was  only  ^>,0^. 
The  average  loss  by  the  fifty-eight  tornadoes  of  class  3  is  a  little  over  $200,000  each. 
The  average  loss  of  life  by  these  tornadoes  is  thirteen. 

We  may  place  in  class  1  all  violent  storms  in  which  there  was  least  destruction. 
On  man^  accounts  it  would  appear  wiser  not  to  give  this  class  any  place  at  all  in  a 
list  of  violent  storms,  but  no  harm  will  come  if  we  rate  the  loss  small  enough,  and  in 
a  study  of  losses  by  high  winds  in  connection  with  insurance,  it  would  be  essential  to 
have  these  storms  counted.  The  average  loss  by  the  violent  storms  of  class  1  is  put 
at  $3,000,  though  there  are  indications  tnat  even  this  is  too  great. 

We  may  put  all  other  violent  storms  in  a  class  between  these  two  or  in  class  2. 
The  average  loss  by  tornadoes  of  this  class  is  estimated  at  $20,000  but  it  will  be  un- 
derstood that  there  are  veiy  few  facts  upon  which  to  base  this  estimate,  and  it  is  pat 
at  this  figure  in  order  to  leave  ample  margin  on  the  side  of  too  great  loss.  There  is 
no  desire  whatever  to  diminish  the  estimate  of  the  actual  destruction  caused  by  tor- 
nadoes.   There  are  about  1,000  violent  storms  in  each  of  these  two  classes. 

While  there  is  great  difficulty  in  determining  actual  property  loss  in  a  tornado  it 
seems  equally  as  difficult  to  obtain  the  loss  of  life.  The  reasons  for  this  may  be  briefly 
enumerated : 

(1)  The  first  estimate  is  nsnally  made  in  a  hurried  manner,  and  before  all  the  facts 
are  fully  ascertained,  but  afterward  this  estimate  is  too  often  the  only  one  quoted. 
After  the  Louisville,  Ky.,  tornado  of  March  27, 1890,  a  report  was  started  that  500  had 
lost  their  lives  and  a  month  afterward  the  report  was  widely  circulated  that  500 
people  had  lost  their  lives  in  Kentucky  and  other  States  near  by.  The  loss  of  life  in 
Louisville  was  76  and  in  all  the  region  about  a  careful  esitimate  gave  59  more,  though 
these  figures  have  not  been  accurately  Terified  as  yet.  This  would  make  the  total 
135  instead  of  500. 

The  most  terrible  tornadoes  of  modern  times  seem  to  have  occurred  In  Alabama, 
Oeorgia,  and  one  or  two  other  States  on  February  19,  1884.  It  has  been  repeatedly 
stated  that  the  number  killed  in  this  one  day's  tornadoes  was  UOO,  but  quite  a  carefal 
canvas  of  the  region  ]^uts  the  actual  loss  of  life  at  182. 

(2)  Sufficient  care  is  not  taken  to  note  the  names  of  persons  killed^  in  this  way 
people  killed  have  been  counted  twice  and  sometimes  thrice  over. 

(3)  Care  is  not  taken  to  distinguish  between  the  loss  of  life  through  a  high  wind 
and  that  by  lightning,  flood,  hail,  etc.,  which  accompany  the  tornaao.  An  example 
of  this  last  may  be  found  in  the  report  of  a  tornado  at  Erie,  Pa.,  on  July  26,  Ir^o^ 
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which  ha»  b«en  repeatedly  published  in  long  lists  of  tornadoes.  This  tornado  has  a 
reported  loss  of  134  lives  and  a  property  loss  of  $500,000.  No  mention  of  sach  a  storm 
ooours  in  the  Weather  Beylew,  oat  after  a  long  search  it  was  found  that  on  July  26, 
1874,  a  great  flood  occurred  at  Pittsburgh,  Pa.,  in  which  the  abore  reported  loss  of 
life  and  property  had  occurred.  The  following  table  exhibits  a  summai*y  of  loss  of 
life  and  property  by  tornadoes  and  violent  wind  storms  from  1873  to  1889  inclusive: 


Class. 

Number 
tornadoes. 

People 
killed* 

Average  each  storm. 

Property  loss. 

Loss  for 

each 

storm. 

3 

2 

*58 
tl,000 
tl.OOO 

755 
\     1,071 

13 
1  in  two  storms 

$11,R94,700 

t20, 000, 000 

13, 000, 000 

$205,080 
t20,000 

1 

t3,000 

Total 

t2.058 

1,826 

About  1........... 

134,894,700 

tl6,955 

•  Indadiiig  toTDftdoes  oH 


t  Approximate. 


This  summary  is  very  suggestive.  It  is  probable  that  when  the  statement  is  made 
that  this  country  has  had  2,400  tornadoes  in  the  last  eighteen  years  many  persons 
picture  to  themselves  tornadoes  as  severe  as  those  in  class  3,  or  when  one  reads  the 
deacription  of  a  western  tornado  he  thinks  at  once  of  the  same  class  of  storm.  This 
idea  has  been  also  fostered  from  the  frequent  publication  of  photoflpraptis  showing 
the  worst  destruction  in  the  worst  tornadoes.  Fortunately  the  whole  number  of 
class  3  is  only  58,  with  an  average  of  13  killed  and  $205,000  property  destroyed.  In 
the  remaining  2,000  only  one  person  was  killed,  and  there  was  an  average  loss  of 
$11,500.  Proteasor  Loomis,  forty-ei^ht  years  ago,  showed  that  the  average  loss  of 
life  was  one  to  each  tornado,  which  is  quite  in  accordance  with  the  value  found  here 
when  we  group  all  the  tornadoes  together.  It  is  a  matter  of  great  surprise,  and  is 
frequently  alluded  to,  that  notwithstanding  the  terrible  energy  developed  in  these 
tornadoes  and  the  enormous  destruction  of  houses,  there  are  so  few  lives  lost ;  for 
example,  in  the  recent  Wilkes  Barre,  Pa.,  tornado  of  August  19,  1890,  200  houses  in 
the  city  were  totally  demolished,  and  yet  only  16  lives  were  lost.  This  immunity 
from  serious  loss  of  life  should  calm  our  fears  regarding  the  imminent  danger  in  these 
outbursts.  Houses  are  generally  turned  ovcf  or  demolished  near  the  foundation ; 
they  are  taken  away  so  suddenly  that  the  inmates  are  often  left  unharmed  without  a 
roof  to  cover  them.  But  the  principal  reason  for  this  immunity  would  appear  to  be 
the  ample  warning  that  everyone  has  from  the  black-looking  clouds  before  the  tor- 
nado and  the  tremendous  and  unmistakable  roar  which  may  be  heard  fifteen  minutes 
and  sometimes  half  an  hour  before  the  outburst.  This  warning  sound  causes  people 
to  seek  their  cellars  and  thus  save  themselves.  Another  reason  almost  as  important 
is  the  extreme  narrowness  of  the  cloud.  Descriptions  often  make  the  tip  of  the  cloud 
appear  like  an  elephant's  trunk  or  like  the  car  hanging  down  from  a  balloon ;  often 
this  pendant  cloud  appears  to  be  not  more  than  10  feet  across.  It  is  easy  to  see  that 
with  such  a  cloud  the  width  of  extreme  destruction  can  hardly  be  more^than  100  or 
200  feet.  Persons  have  stood  within  150  feet  of  a  tornado  and  have  felt  no  severe 
wind.  Well-built  structures  have  been  destroyed  while,  repeatedly,  very  frail  struc- 
tures have  been  untouched,  though  only  a  few  feet  away,  and,  what  is  more  singular 
still,  right  in  the  path  of  the  tornado. 

COMPARATIVX  LOBS. 

An  instructive  comparison  may  be  made  between  the  average  loss  of  life  bv  tor- 
nadoes and  by  lightning.  As  we  have  just  seen  the  whole  nnmber  of  people  killed 
by  tornadoes,  as  reported,  were  1,826  in  18  years,  or  an  average  of  101  per  year. 
During  the  months,  March  to  August,  1690,  the  whole  number  of  casualties  by  light- 
ning carefully  culled,  so  as  to  prevent  duplication,  from  three  prominent  newspapers 
was  115.  This  nnmber  has  been  given  as  over  200  per  year  by  another  authority. 
While  it  is  quite  probable  that  the  total  of  deaths  by  tornado  has  not  been  reported, 
yet  there  seems  little  doubt  that  the  average  loss  of  life  by  lightning  is  greater  than 
by  tornado. 

If  a  tornado  should  visit  a  town  and  destroy  a  certain  number  of  houses,  we  could 
compare  the  total  number  destroyed  with  those  left,  and  the  same  thinff  may  be  said 
of  the  lives  lost ;  for  example,  in  the  Wilkes  Barre  tornado  already  aOnded  to,  200 
out  of  about  4,000  houses  were  destroyed  and  16  out  of  about  30,000  people  lost  their 
lives.  This,  however,  would  give  very  little  idea  of  the  real  tornado  destruction  ; 
we  would  need  to  go  over  the  records  for  a  number  of  years  and  take  into  coosidersk* 
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tioo  macn  larger  areas,  as,  for  example,  the  whole  State  of  Pennsylvania,  in  ord^ 
to  get  a  relative  statement  of  any  value.  If  this  were  done  we  wonld  see  that  the 
comparative  risk  of  any  single  honse  in  a  State  being  struck  would  be  I  in  100,00>) 
in  some  States  and  even  a  still  less  risk  in  others.  No  severe  tornado  ever  visit«il 
Kentucky  in  historical  times  until  the  very  severe  one  of  March  !;^,  1890,  and  thin 
State  has  not  been  considered  in  the  category  of  tornado  States.  It  would  be  a  great 
mistake  to  suppose  that  the  seasons  or  our  weather  have  changed  and  that  we  an^ 
entering  upon  a  period  of  more  severe  and  destructive  tornadoes.  We  may  consider 
that  the  average  loss  of  life  and  property  that  has  occurred  during  the  past  eighte«^n 
years  will  be  a  good  criterion  for  the  ratnre,  and  while  some  years  will  show  an 
increase  above  the  normal,  others  will  fall  below  it.  Thus  the  years  1883  and  1884 
have  the  reputation  of  being  those  having  the  most  tornado  destruction  in  modem 
times.  There  are  some  reasons  for  believing  that  during  years  of  maximum  son 
spots  there  is  a  slight  tendency  to  an  increase  in  tornadoes. 

This  interval  is  once  in  eleven  years,  but  it  will  require  many  more  years  of  care- 
ful observation  and  record  to  settle  this  point.  It  is  barely  possible,  also,  that  the 
multiplication  of  lines  of  rails,  wires,  electric  plants,  etc.,  may  have  an  ultimate 
tendency  to  modify  the  influences  now  controlling  tornado  development,  bat  this  is 
altogether  too  slight  an  effect  to  be  taken  account  of  at  present. 

Another  method  of  ascertaining  relative  tornado  destruction  would  be  to  compare 
the  number  of  towns  visited  with  the  total  in  the  State,  but  this  would  require  great 
care,*  and  would  need  weighting  both  for  the  relative  size  of  towns  and  relative  de- 
struction in  each.  This  would  be  entirely  impossible  in  our  present  state  of  infor- 
mation on  the  subject.  The  Chief  Signal  Officer  has  directed  that  some  idea  of  this 
relative  destruction  be  obtained  from  a  comparison  ot  the  total  area  devastated  by 
tornadoes  in  the  tornado  States  with  the  area  of  the  State.  Many  of  these  tornadoes 
have  had  an  estimate  made  of  the  width  and  length  of  path  of  destruction.  The 
question  arises:  Can  we  obtain  an  adequate  idea  of  the  destructive  area  cove-red  by 
a  tornado  from  these  reports  f  In  doing  this  we  must  take  great  care  not  to  be  mis- 
led by  the  data.    The  difficulties  are  as  follows : 

(1)  The  width  of  path  is  given  to  the  limit  of  winds  which  have  blown  off  chim- 
neys or  blown  down  wheat,  com,  or  crops. 

(2)  The  length  is  frequently  determined  by  locating  the  ilrst  town  struck,  and 
also  the  last,  then  measuring  tne  distance  between.  We  have  already  had  a  case  in 
the  tornado  supposed  to  have  had  a  width  of  half  a  mile  through  nine  counties,  in 
which  the  total  loss  was  less  than  |250,000. 

(3)  Often  measurements  would  be  made  at  right  angles  to  a  track  taking  in  two 
distinct  tracks  and  giving  a  total  width,  including  both  tracks.  It  is  well  known 
that  tornadoes  have  high  winds  from  thunderstorms  in  lines  parallel  to  the  main 
track  on  either  side.    In  the  Wilkes  Barre  tornado  there  were  four  suuh^lines. 

(4)  Usually  the  tracks  that  are  measured  are  of  the  more  severe  tornadoes,  and  it 
would  be  manifestly  improper  to  apply  them  to  all  tornadoes  in  order  to  get  an 
average  destruction,  but  we  must  apply  them  by  weight  to  each  class  of  storm. 

(5)  Often  tornadoes  have  been  reported  when  a  funnel  cloud  has  been  seen,  even 
though  it  did  not  reach  the  earth.  AH  such  cases  have  been  thrown  out  in  this  dis- 
cussion, however,  when  the  description  warranted  such  treatment. 

Bearing  these  facts  in  mind  we  shall  be  able  to  make  due  allowance  for  the  final 
results. 

The  average  length  of  the  tornadoes  reported  was  5.9  miles.  This  is  an  enormous 
length,  and  is  probably  ten  times  greater  than  the  actual  length  of  tornadoes  in  gen- 
eral. If  we  multiply  this  length  by  the  width  it  will  give  the  total  area  for  each  tor- 
nado ;  then  multiplying  by  the  total  in  each  State  each  year  we  obtain  the  average  are^ 
destroyed.  If  then  we  divide  the  State  area  by  this  figure  we  shall  obtain  a  relative 
value  between  the  total  limited  or  minor  destruction  by  tornadoes  and  the  area  of 
the  State.    The  following  table  gives  such  relative  numbers : 


Alabama 

Arkansas..... 

Greorgia 

Illinois 

Indiana 

Iowa 

Kansas , 

Michigan..,.. 
Missouri  ..... 

Ohio 

Pennsylvania 
Wisconsin 


:  7,86t' 
:  14.418 
:  6.(i9t> 
:  ai?2 
:  6.210 
:  7,ir>4 
:  9.72ii 
:18,X*ii 
:  6,:m 
:  4,;V>4 
:  9.97V 
:  12, 04-2 

In  this  table  it  is  plain  that  the  smaller  figures  indicate  a  relative  larger  area  of 
destruction .    The  figure  for  Ohio  is  yery  remarkable,  and  is  dae,  probably,  to  a 
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greater  number  of  Yiolent  storms  being  reported  from  this  State.  In  considering  the 
area  of  snch  a  State  as  Kansas,  or  any  State  not  uniformly  settled  in  all  parts,  the 
number  in  this  table  is  likely  to  be  too  great  or  to  show  too  low  a  frequency  per 
square  mile  of  State. 

We  may  also  obtain  some  idea  of  these  relative  numbers  by  considering  the  area 
of  destruction  covered  in  all  well-studied  tornadoes  and  then  applying  that  area  by 
weight  to  the  storms  of  the  State.  The  following  table  shows  sucn  relative  numbers : 


Alabama. 1 

Arkansas 1 

Georgia 1 

Illinois. 1 

Indiana 1 

Iowa 1 

Kansas 1 

Michigan 1 

Missonn 1 

Ohio I 

Pennsylvania I 

Wisconsin 1 


480,600 
712,  «00 
504,000 
185,400 
330,000 
432,000 
436,500 
914, 400 
406,800 
243,000 
4<i8,000 
475.900 


These  results  are  materially  different  from  those  given  before,  bnt  they  seem  to  be 
the  more  satisfactory  of  the  two.  It  should  be  noted  that  the  above  methods,  com- 
paring destroyed  with  undestroyed  areas,  are  (jnite  difficult  to  make  complete  from 
lack  of  data  and  must  be  used  with  great  caution. 


RELATIVE  LOSS  BT  FIBE  AND  TORNADO. 


There  seems  to  be  still  another  method  of  study  free  from  most  of  the  defects 
alluded  to  above.  We  may  compare  directly  the  loss  of  property  by  tornadoes  or 
violent  winds  with  that  by  fire.  This  eomparison  will  be  all  the  more  valuable  be- 
cause the  principal  use  of  such  figures^  after  showing  the  trae  status  of  relative  loss 


panson  lies  m  tne  incompleteness  oi  returns  m  tne  case  ot  loss  oy 
loss  by  fire  is  known  and  recorded  within  4  per  cent,  of  the  trnth,  out  in  the  case  of 
tornadoes  it  is  necessary  to  estimate  the  loss  for  nearly  all  except  those  of  class  3 ;  the 
loss  by  this  latter  class  is  known  quite  accurately.  The  fire  loss  for  the  years,  1876 
to  1884  has  been  published,  and  we  may  compare  that  by  tornadoes  for  the  same 
period. 
The  following  table  gives  the  proportionate  loss  by  these  two : 

Alabama 1  :    9 

Arkansas 1  :    9 

Georgia 1 :  12 

Illinois 1  :  15 

Indiana 1:23 

Iowa 1  :    9 

Kansas 1 :    3 

Michigan 1:57 

Missouri • 1 :  12 

Ohio 1:34 

Wisconsin I:  14 

Considering  all  the  States,  the  average  loss  is  1 :  14.  These  figures  are  prepared 
from  the  first  review  of  the  data  in  hand ;  they  may  be  regarded  as  approximately 
accurate. 

It  is  of  the  utmost  importance  that  in  making  a  report  of  a  tornado  great  care  be 
taken  in  recording  the  names  of  persons  killed  and  in  making  an  estimate  of  property 
destroyed.  The  loss  to  structures  by  high  winds  should  be  placed  by  itself  and  should 
not  be  Joined  with  the  loss  by  any  other  accompaniment  of  the  tornado.  There  would 
be  no  harm,  if  one  so  desired,  to  g^ve  the  loss  to  crops  and  by  floods  also  in  a  separate 
column.  It  is  hoped  that  peoi>le  residing  in  the  Western  States  will  have  it  in  mind 
to  help  on  this  work  by  obtaining  statistics.  There  is  no  doubt  of  a  tornado  evil,  but 
there  is  gzeat  danger  that  it  will  be  exaggerated  much  to  the  harm  of  the  individual 
States.  This  can  only  be  prevented  by  collecting  perfectly  reliable  statistics  of  these 
outbursts. 
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TUB  MOST   DKSTRUCnVE   TOBNAPOKS  8INCB  1873. 

(1)  November  22,  1874,  Toscambta,  Colbert  Connty,  Ala.  Scale  3.  Stmok  the 
town  at  6  p.  m.  Nearly  lialf  the  town  of  1,400  inhabitaate  destroyed.  10  persons 
killed  and  30  wounded.   100  buildings  damaged  or  destroyed.    Loss  $100, 000  eetifuat«(i. 

(2)  May  6,  1876,  Chicago,  Cook  County,  tXL  Scale  3.  Moved  from  SW.  to  NE.  ac- 
companied by  rain,  thunder  and  lightning.  Bounding  like  a  ball  it  apparently 
reached  the  ground  but  two  or  three  times.    Loss  |2.50,000. 

(3)  June  4, 1877,  Mount  Carmel, Wabash  County,  111.  8cale3<f .  200  to  400  feet  wide. 
Great  destruction  of  property.    16  killed,  100  wounded.    Loss  $400,000. 

(4)  July  7|  1877,  Fensaukee,  Oconto  County,  Wis.  Scale  3.  Moved  from  NW.  to 
S£.  lasting  about  two  minutes.    8  killed,  many  wounded.    Loss  $300,000. 

(5)  June  1, 1878,  Richmond,  Ray  Coanty,  Mo.  Scale  3.  Entered  the  town  at  4:05 
p.  m.  from  the  south  Hwoeping  everything  clean.  Heavy  sills  18  inches  square  and 
16  feet  long  were  swept  away.  Path  through  the  city  7.50  feet  wide  and  1  mile  long 
in  which  space  not  a  single  house  was  left.  13  killed,  70  wounded,  100  bnUdingB 
destroyed.    Loss  $100,000  estimated. 

(6)  Angu6t9,1878,Walliugford,  New  Haven  County,  Conn.  Scale  3+.  At  5:45  p.m. 
a  dark  cloud  approached  firom  the  west.  '*  Ele  tricity  of  the  most  terrific  kind  nlled 
the  air.''  *'  Straight  rods  of  iire  came  down  from  the  sides  of  the  cloud  to  the  earth." 
The  debris  of  houses  were  scattered  along  in  parallel  lines  as  though  a  mighty  river 
had  passed.  The  greatest  destruction  occurred  in  a  path  400  feet  wide  and  ^  mile 
long.  34  killed,  70  wounded,  40  dwellinf)^,  50  bams,  1  church  and  1  schoolhouse  were 
destroyed  or  badly  damaged.    Loss  $200,000. 

(7)  April  14, 1879,  Collinsville,  Madison  County,  HI.  Scale  3—.  Struck  town  at  2:45 
p.m.  Nearly  every  grave-stone  in  cemetery  was  leveled.  1  killed,  several  wounded, 
60  buildings  destroyed.    Loss  $50,000. 

(8)  AprU  16,  1879,  Walterboro,  Colleton  County,  S.  C.  Scale  3.  Rainfall  after 
tornado,  which  struck  at  3:45  p.  m.,  was  unprecedented.  Wind  on  north  side  had  a 
downward  crushing  tendency,  on  the  south  side  an  upward  lifting^  action.  4  people 
saw  balls  of  lightning  running  along  the  ground.  16  killed,  50  buildings  destroyed. 
Loss  $200,000. 

(9)  March  4, 1880,  Indianapolis,  Marion  County,  Ind.  Scale  3.  Moved  from  SW. 
to  NE.^with  a  zigzag  course  through  the  city.    Loss  $100,000. 

(10)  April  18, 1880,  Fayetteville,  Washington  County,  Ark.  Scale  3.  Struck  town 
at  8:30  p.  m.  Not  a  building  escaped  in  its  path,  90  feet  wide,  through  the  town.  2 
killed,  20  to  30  injured,  100  buildings  destroyed.    Loss  $100,000. 

(11)  April  18,  1880,  Marshfield,  Webster  County,  Mo.  Scale  3.  Struck  at  5  p.  m., 
near  town,  trees  3  feet  in  diameter,  for  a  space  several  hundred  yards  wide,  were 
lifted  entirely  out  of  the  ground.  Every  house  in  the  town  of  2,000  people  was  de- 
stroyed or  badly  damaged.    65  killed,  200  wounded.    LobH  $110.0()0. 

(12)  April  18,  1880,  Licking,  Texas  County,  Mo.  Scale  3.  Struck  at  8:15  p.  m. 
Entire  town  of  388  people  destroyed,  except  3  houses;  300  left  homeless.  1  killed,  17 
wounded,  65  houses  destroyed.    Loss  $50,000. 

(13)  April  18,  1880.  Beloit,  Rock  County,  Wis.  Scale  3—.  Struck  at  5  p.  m. 
Moved  from  SW.  to  N£.  Several  killed,  many  injured,  many  houses  destroyed. 
Loss  $75,000. 

(14)  April  24, 1880, Taylorville.  Christian  County,  III.  Scale  3—.  Struck  at  7  p. 
m.    6  killed,  25  houses  destroyed.    Loss  $60,000. 

(15)  April  25, 1880,  Macon,  Noxubee  County,  Miss.  Scale  3 — .  Struck  at  8:30  p. 
m.    22  killed,  72  injured,  55  buildings  destroyed.    Loss  $100,000. 

(16)  May  10, 1880,  Arrowsmith,  McLeau  County,  111.    Scale  3—.     Loss  $100,000. 

(17)  May  28,  1880,  Savoy,  Fannin  County,  Tex.  Scale  3—.  Time  10  p.  m. 
Town  almost  destroyed.     15  killed,  60  wounded,  48  buildings  razed.    Loss  $50,000. 

(18)  June  14, 1880,  Glendale,  Hamilton  County,  Ohio.  Scale  3  ~.  Time  8  p.  m. 
Loss  $80,000. 

(19)  April  12, 1881,  Hernando,  DeSoto  County,  Miss.  Scale  3—.  In  some  qH>ts 
hailstones  as  large  as  hens'  eggs  fell.  Electricity  and  thunder  not  seen  nor  heard. 
10  killed,  25  buildings  demolished.    Loss  $50,000,  estimated. 

(20)  June  12,  1881,  Jackson,  Andrew  County,  Mo.  Scale  3 — .  A  great  deal  of 
destruction  occurred  at  King  City,  DeKalb  County.  In  county  and  vicinity  5  killed, 
80  buildings  razed.    Loss  $250,000. 

(21)  July  15,1881,  New  Ulm,  Brown  County,  Minn.  Scale  3+.  6  killed,  53 
wonnded,  nearly  300  buildings  destroyed  or  seriously  damaged.  Loes  in  town 
$174,677. 

(22)  September  24,  1881,  Qnincy,  Adams  County,  HI.  Scale  3.  Time  5  p.  m. 
Storm  accompanied  by  terrific  lightning  and  thunder.  9  killed,  21  buildings  razed. 
Loss  $100,000. 

(23)  April  18, 18?2,  Brownsville,  Saline  County,  Mo.  Scale  3.  Time  4:20  p.  m.  U 
killed,  10  brick  houses,  40  others  aud  1  acliool  razod.    Loss  $150,000. 


REPOKT   OP   THE   CHIEF   SIGNAL   OFFICER.  705 

(84)  May  8»  1882,  McKixmey,  Clevelaiid  County,  Ark.  Scale  3—.  50  baildiiigs 
deetroyed.    Losa  |30,000. 

(25)  May  8, 1882,  Moant  Ida,  Montgomery  County,  Ark.  Scale  3—.  Time  5:30  p. 
m.    2  killed,  100  buildings  demolished.    Loss  |50,000. 

(26)  June  17,18^2,  Grinnell,  Poweshiek  County,  Iowa.  Scale  3+.  Time  8:45  p. 
ni.    60  killed,  150  injured,  140  houses  reduced  to  ruins  in  5  minutes.    Loss  |600,000. 

(27)  April  22,  1883,  Beauregard,  Copiah  County,  Miss.  Scale  3  -f-.  Time  3  p.  ni.' 
Every  house  and  store  destroyed  in  the  town  of  600  people.  Solid  iron  screw  of  a 
cottonpresB  weighing  675  pouuds  was  carried  900  feet.  29  killed,  40  wounded.  Loss 
$450,000. 

(28)  April  22,  1883,  Wesson,  Copiah  County,  Miss.  Scale  3—.  13  killed,  60 
injured,  27  houses  destroyed.    Loss  $20,000. 

(29)  May  13, 1883,  Kansas  City,  Jackson  County,  Mo.  Scale  3.  Time  8:30  p.  m. 
200  houses  deetroyed.    Loss  in  town  and  vicinity  $300,000. 

(30)  May  13, 1883,  Macon  City,  Macon  County,  Mo.  Scale  3 —.  Time  8:30  p.  m. 
5  killed,  107  buildings  razed.  Loss  $150,000.  This  destruction  and  loss  may  include 
the  whole  county. 

(31)  May  13,  1883,  Oronogo,  Jasper  County,  Mo.  Scale  3—.  6  killed,  33  injured, 
nearly  all  houses  destroyed.    Loss,  $75,000. 

(32)  May  18,  1883,  Raoine,  Racine  County,  Wis.  Scale  3—.  Time  7  p.  m.  16 
killed,  100  injured.    Loss  $75,000. 

(33)  June  2.  1883,  Greenville,  Hunt  County,  Tex.  Scale  3—.  Time  7:15  p.  m.  1 
killed,  several  wounded,  40  houses  razed.    Loss  $70,000. 

(34)  June  11, 1883,  Brush  Creek,  Fayette  County,  Iowa.  Scale  3 — .  Town  one- 
third  destroyed.    Loss  $40,000. 

(35)  August  21,  1883,  Rochester,  Olmsted  County,  Minn.  Scale  3.  Time  6:36 
p.  m.  Large  part  of  town  destroyed.  26  killed,  135  houses  destroyed.  Loss  in 
county  $200,000. 

(36)  February  19,  1684,  Leeds,  Jefferson  County,  Ala.  Scale  3—.  Time  1:20  p.  ra. 
Hail  of  unusual  size.  11  killed,  31  wounded,  27  houses  and  many  barns  destroyed. 
Loss  $80,000,  estimated. 

(37)  April  27,  1884,  Jamestown,  Greene  County,  Ohio,  Scale  3.  Time  5  i>.  m.  6 
killed,  two- thirds  of  buildings  destroyed.    Loss  $200,000. 

(38)  Jul^  21,  1884,  Dell  Rapids,  Minnehaha  County,  Dak.  Scale  3.  Time  3:05 
p.  m.    7  killed,  many  buildings  destroyed.    Loss  $100,000. 

(39)  September  9, 1884,Clear Lake, Polk  County jWis.  Scale 3.  Time 5  p.m.  Greater 
part  of  town  in  ruins.    3  killed,  40  buildings  destroyed.    Loss  $150,000. 

(40)  August  .S,  1885,  Camden,  Camden  County,  N.  J.  Scale  3-f .  Time  3:20  p.  m. 
Path  from  one  to  two  sc^nares  wide.  6  killed,  100  injured.  .500  houses  razed  or 
unroofed.    Loss  $500,000. 

(41)  Septmber  8, 188.'>,  Washington  Court  House,  Fayette  County,  Ohio.  Scale  34-. 
Time  7:30  p.  m.  Width  of  path  250  feet.  Town  almost  destroyed.  6  killed,  100  in- 
jured, 40  buHiues-s  houses  and  20  residences  razed.    Loss  $500,000. 

(42)  April  14,  1886,  Coon  Rapids,  Carroll  County,  Iowa.  Scale  3—.  Time  5:05  p. 
m .     1  killed,  32  buildings  razed.    Loss  $55,000. 

(43)  April  14,  1886,  St.  Cloud,  Stearns  County,  and  Sauk  Rapids,  Benton  County, 
Minn.    Scale  3+.    74  killed,  136  wounded,  138  buildings  destroyed.    Loss  $400,000. 

(44)  May  11,  1886,  Kansas  City,  Jackson  County,  Mo.  33  killed.  Loss  $100,000, 
estimated. 

(45)  May  12,  1886,  Attica,  Fountain  County,  Ind.  Scale  3.  Time  about  6  p.  m. 
In  vicinity  9  killed,  200  houses  razed.    Loss  $200,000. 

(46)  April  15,  1887,  St.  Clairsville  and  Martin's  Ferry,  Belmont  County,  Ohio. 
Scale  3,  Time  3:20  p.  m.  None  killed.  About  200  buildings  of  f^  kinds  demol- 
ished.   Loss  $250,000. 

(47)  April  21,  1887,  Prescott,  Linn  County,  Kans.  Scale  3.  Time  5:30  p.  m.  20 
killed,  237  wounded.  330  buildings  razed  in  the  vicinity.    Loss  $150,000. 

(48)  April  22,  1887,  Mount  Carmel  (near),  Wabash  County,  111.  Scale  3—.  Time 
6  p.  m.    2  killed,  several  wounded,  everything  in  path  destroyed.    Loss  $50,000. 

(49)  April  22, 1887,  Clarksville  (near),  Johnson  County,  Ark.  Scale 3.  Time  6:30 
a.  m.    20  killed,  75  to  100  injured  in  vicinity.    Loss  $150,000. 

(50)  June  16, 1887,  Grand  Forks,  Grand  Forks  County,  Dak.  Scale  3;  time.  3:22 
p.  m.,  4  killed,  50  or  more  houses,  besides  hundreds  of  bams,  etc.,  razed.  Loss,  $150,000. 

(51)  February  19,  1888,  Mount  Vernon,  Jefferson  Coonty,  HI.  Scale  3  +  18  killed, 
54  wounded,  100  buildings  razed.    Loss,  $400,000. 

(52)  May  27.  1888,  Hillsboro,  Hill  County,  Tex.  Scale*  3—.  Many  buildings 
destroyed.    Loss,  $100,000. 

(53)  August  21, 1888.  Wilmington,  New  Castle  County,  DeL  Soale  3 :  1  killed,  20 
wounded.    Loss,  $100,000  to  $200,000. 
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(54)  January  9, 1889|  Brooklyn,  Songs  County,  N.  Y.  Scale  3 ;  time,  7:40  p.  m. 
(Eastern).  Width  500 to600  feet :  length,  2  miles;  whirl  from  right  to  left.  Roar  heard 
10  or  15  nUnutes  before.    Loss,  $300,000. 

(55)  January  9, 1889,  Reading,  Berks  County,  Pa.  Scale  3 ;  time,  5:40  p.  m.  Swept 
from  west  to  east  in  a  path  ($0  to  100  feet  wide.  Wind  often  seemed  to  crush  from 
above;  40  killed.    Loss,  $200,000^  estimated. 

(56)  January  12, 1890,  St.  Louis,  St.  Louis  Countv,  Mo.  Scale  3 ;  time,  4  p.  m. 
MoYfld  to  northeast  in  a  path  500  to  2,000  feet  wiae.  Heavy  rain  for  3  minutes. 
Greatest  damage  where  path  was  narrowest ;  3  killed,  100  houses  razed.  Loss, 
1250,000. 

(57)  March  27, 1890,  Metropolis,  Massac  County,  HI.  Scale  3  — ;  1  killed,  50  injured. 
Loss,  $150,000. 

(58)  March  27, 1690,  LouisTllle,  Jefferson  County.  Ky.  Scale  3  + :  time,  7:57  p.  m. 
Path  at  beginning  600  feet,  as  it  left  the  city,  1,500  feet.  Cloud  did  not  quite  reach 
the  earth.    Great  damage  to  property ;  76  killed,  200  injured.    Loss,  $2,250,000. 

This  list  comprises  all  the  most  destructive  storms  that  have  been  reported  as  far 
as  a  definite  locality  was  mentioned.  It  has  been  found  exceedingly  difficult  to  de- 
termine the  loss  in  many  oases,  because  an  estimate  has  evidently  been  made  of  the 
loss  to  crops,  orchards,  etc.,  from  the  rain,  hail,  and  floods  that  accompanied  the 
tornado,  and  not  from  the  wind  itself,  Aj^ain,  the  loss  reported  evidently  referred  to 
a  large  region  in  the  oountzy  and  not  to  any  specific  town.  Some  of  these  may  be 
ennmeratM  as  follows : 

Lois. 

June  13, 1881,  DeKalb  andother  counties  in  Missouri..... $200,000 

November  5, 1883,  Greene  and  other  counties  in  Missouri 150, 000 

Kovember21.  1»83,  Izard  County,  Ark 300,000 

April  14, 1886,  Cass  County,  Iowa 160,000 

May  11,  18b6,  Pettis  and  other  counties  in  Missouri 500,000 

May  12, 1886,  Greene  and  other  counties  in  Ohio 1,000,000 

May  14,  I8ti6|  Hardin  and  other  counties  in  Ohio 720,000 

May  14,  1886,  Huron  County,  Ohio 500,000 

May  14, 1886,  Seneca  County,  Ohio 300,000 

May  14|  1886,  Mercer  County,  Ohio 250,000 

It  is  highly  probable  that  in  some  of  these  cases  the  losses  from  one  county  have 
been  estimated  in  another,  though  this  has  been  avoided  as  much  as  possible  It  is 
very  much  to  be  hoped  that  more  definite  estimates  will  be  made  in  the  futuro.  The 
loss  to  structures  by  the  wind  should  be  carofuUy  distinguished  from  the  loss  of  every 
other  kind|  bj^  hail  or  flood  and  to  crops,  stock  or  orchitfds. 

H.  A.  Hazen, 
A$Hitant  Frofeti&r,  8igndl  Office. 
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